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1 
Introduction 
 
Tropical fruits such as acelora, pineapple and passion fruit have been widely 
attracting attention from food industry, because of their unique appearance, flavor and 
remarkable nutritional characteristics. Many kinds of tropical fruits have been applied 
for functional foods in industrialized countries. Recently, the products of camu-camu 
fruit have been commercialized in Japan and other countries. 
The fruits of camu-camu (Myrciaria dubia) are harvested in the rain forest of the 
upper Amazon in Peru and Brazil. Camu-camu is famous for its high vitamin C content 
(more than 2,000 mg/100g) compared with those of other tropical fruits such as acelora 
and passion fruits.1) Therefore, the fruit has been attracted attention of researchers, and 
many studies were reported on the constituents of camu-camu; carotenoids,2, 3) 
anthocyanins,4) pulp in juice and volatile compounds. 5, 6) Because the fruit is difficult to 
keep fresh, its juice has been produced in the harvest area, and residual substances, peel 
and seed, are discarded as industrial wastes. Recently, many processed foods using 
camu-camu juice such as canned and bottled juice and vinegar are commercially 
available in advanced countries, and the cultivation area expanded from Peru to 
neighboring country, Brazil, Venezuela, and Colombia. According to the increase of 
camu-camu juice production, the residual peel and seed were also increased. The 
amount of residual seed and peel is nearly 40% of weight of fresh fruit. The pulp in the 
fruit has been used for ingredient of functional foods, but the residual peel and seed 
have not yet been utilized. The utilization of the residues must be beneficial for the total 
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industry of camu-camu, including juice production and cultivation. Therefore, studies 
on the functional constituents in the peel and seed of camu-camu must be needed. 
 
Myoda et al.7) reported that the 50% acetone extracts of the peel and seed of 
camu-camu exhibited potent antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) assay, and the extracts were shown to contain large amounts of polyphenols by 
Folin-Ciocalteau method. Fractions of the extract obtained by chromatography on 
Sephadex LH-20 indicated the antioxidant activities were closely related to the 
polyphenol contents. 
Polyphenols are widely distributed among plant kingdom as protective substances 
from infection, insect damage, and ultra-violet light.8) The biological activities of 
polyphenols have attracted attention as they have proven to be effective in the 
prevention of lifestyle-related diseases and in the maintenance of health. Among 
polyphenols, flavonols such as quercetin, isoflavones, flavan-3-ols (catechins), and 
anthocyanidins have been extensively studied, and they have been utilized in many 
functional foods.9) Tannins are also categorized as polyphenols as they contain many 
phenolic hydroxyl groups in their molecules. Tannins are generally contained in plants 
as mixtures of many related compounds, and individual tannins have only been 
obtainable since the end of 1980's. Therefore, many researchers have recently focused 
their attention on relationships between biological activity and the structures of tannins, 
and the number of reports on the biological activities of tannins has steadily increased. 
Tannins are classified into two categories, condensed tannins and hydrolysable 
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tannins. Condensed tannins are composed of flavan-3-ols, which were reported to 
inhibit lipogenic enzymes in hepatocytes10) and to possess antimicrobial activity against 
Escherichia coli O-157.11) Hydrolysable tannins are esters of polyols (mostly D-glucose) 
and phenolic carboxylic acids such as gallic acid, hexahydroxydiphenoic acid, valoneic 
acid, and nonahydroxyterphenoic acid. Biological activities of hydrolysable tannins has 
been reported including cytotoxicity,9) inhibition of enzymes,12) and antimicrobial 
activities.13) Among hydrolysable tannins, C-glycosidic ellagitannins have characteristic 
structures with a C-C bond between the anomeric carbon of an open ring sugar and the 
unsubstituted carbon of a hexahydroxydiphenoyl (HHDP) or nonahydroxyterphenoyl 
(NHTP) group. Recently, C-glycosidic ellagitannins were demonstrated to be 
sensory-active nonvolatiles that migrate from oak barrels into alcoholic beverages such 
as whisky, brandy, and wine.14) Moreover, biological activities of C-glycosidic 
ellagitannins were reported that include anti-herpes virus activity,15) alleviation of 
insulin resistance, inhibition of adipocyte differentiation,16, 17) inhibition of human 
breast cancer cell line (MCF-7) and colon cancer cell line (Caco-2 and HT-29)18, 
19)growth, and inhibition of human DNA topoisomerase II.20) 
 
In this study, the author aimed to isolate and characterize the responsible 
polyphenols for antioxidant activities of the 50% acetone extracts of the peel and seed 
of camu-camu. In addition, the antimicrobial activities against Staphylococcus aureus 
ATCC11522 were demonstrated in the non-polar portion of the extracts.7) The author 
also aimed to isolate and characterize antimicrobial constituents in hexane extracts of 
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the peel and seed of camu-camu. Characterization of the active constituents must be 
essential for the utilization the peel and seed of camu-camu as a functional resource for 
foods and cosmetics. 
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Chapter 1 
The functions of the extracts of camu-camu peel and seed. 
 
As the preliminary investigation, n-hexane and 50% acetone extracts of the peel 
and seed of camu-camu were prepared and the 50% acetone extracts were fractionated 
by Sephadex LH-20 column chromatography. The polyphenol contents and condensed 
tannin contents were determined colorimetrically. As the functional properties of the 
extracts, antioxidant activities were determined by 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) method, and antimicrobial activities against six Gram-positive, three 
Gram-negative bacteria and two fungi were tested. 
 
1. Materials and methods 
 
1.1. Materials and chemicals 
Dried powder of peel and seed obtained from camu-camu juice production were 
donated from Empresa Agroindustrial del Peru S.A. (Peru). These samples were used 
after drying at room temperature. 
n-Hexane, acetone, methanol (MeOH) were purchased from Wako Pure Chemicals 
(Osaka, Japan). Gallic acid, ellagic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 
other chemicals were purchased from Kanto Chemicals (Tokyo, Japan). 
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1.2. General experimental methods 
Sephadex LH-20 (GE Healthcare, Sweden) was used for column chromatography. 
UV-Vis spectra were measured with a Shimadzu UV-1700 spectrophotometer or 
microplate reader (MTP-310, Corona Electric, Hitachi, Japan). Gradient high 
performance liquid chromatography (HPLC) was performed using a JASCO LC-2000 
Plus HPLC system equipped with a MD-2010 Plus photodiode array detector and an 
Atlantis T3 column (3 µm, 4.6 mm i.d. × 150 mm, Waters, Milford, MA, USA). The 
mobile phase for gradient elution was as followed: solvent A was 5% acetonitrile 
containing 0.2% formic acid, and B was 100% acetonitrile. The gradient condition was 
as follows: 0 min, 0% B; 5 min, 10% B; 25 min, 15% B; 40 min, 50% B; 45-50 min, 
100% B; 51min, 0% B. 
 
1.3. Extraction and fractionation 
The dried peel and seed of camu-camu (431.4 g and 400.2 g, respectively) were 
extracted with n-hexane (1000 ml) three times, and then extracted with 50% aqueous 
acetone (v/v, 1000 ml) three times at room temperature. The combined each extracts 
were concentrated under reduced pressure at 40°C to dryness to obtain the hexane 
extracts (31.4 g from peel and 9.9 g from seed) and the 50% acetone extracts (34.7 g 
from peel and 43.9 g from seed). The 50% acetone extracts (5.0 g) were dissolved in 
50% MeOH (500 ml) and was applied to a Sephadex LH-20 column (50 mm i.d. × 300 
mm) equilibrated with 50% MeOH. The column was eluted with a solvent system of 
H2O - MeOH - acetone, and 8 fractions were obtained. (Table 1) 
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1.4. Determination of total phenolic content 
Total phenolic content was determined by Folin-Ciocalteu method21) using gallic 
acid as a standard. Sample solutions were prepared by dissolving the 50% acetone 
extracts and the fractions in water or 50% MeOH at concentrations of 1.0-5.0 mg/ml. 
The solutions (100 µl) were mixed with Folin-Ciocalteu reagent (200 µl) and were then 
incubated for 30 min at room temperature. After addition of 1 N NaOH (500 µl), 
absorbance at 750 nm was measured. The total phenolic content was expressed as mg 
gallic acid equivalents/g of sample. The assays were carried out in triplicate. 
 
1.5. Determination of condensed tannin content 
Content of condensed tannin was determined by vanillin - HCl method22) using 
(+)-catechin as a standard. The test solutions of the extracts and the fraction were 
prepared at concentration of 500 µg/ml with 50 % MeOH. Vanillin solutions (1% in 
MeOH, 3.0 ml) and 0.5 ml of conc. HCl were added to the test tubes, shielded light by 
aluminum foil, containing 0.5 ml of the test solution. The mixture was stand for 15 min 
at 30°C, and absorbance at 500 nm was measured. Calibration curve was prepared using 
(+)-catechin at concentration of 0-800 µg/ml (in 50% MeOH), and the content of 
condensed tannin was expressed as mg (+)-catechin equivalents/g. The assays were 
carried out in triplicate. 
 
1.6. DPPH radical scavenging assay 
DPPH radical scavenging activity was measured using a spectrophotometric 
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method23) with slight modifications. A freshly prepared solution of 100 µM DPPH in 
MeOH was used. Sample solutions (20 µl) at concentrations of 10.0-200 µg/ml (in 50% 
MeOH) and 100 mM acetate buffer (80 µL, pH 5.5) were mixed with 100 µM DPPH 
solution (100 µl) in a 96-well plate. The mixture was shaken well and incubated in the 
dark for 30 min at 30°C. The absorbance was measured spectrophotometrically at 517 
nm using a microplate reader. 
The antioxidant activity of each sample was expressed as the inhibition of DPPH 
radical scavenging activity as follows: 
Inhibition (%) = [{A (control) – A (sample)} / A (control)] × 100 (1) 
IC50 values expressed in µM were calculated from an inhibition curve. The assays 
were carried out in triplicate. Gallic acid was used as a positive control. 
 
1.7. Statistical analysis 
The results of total polyphenol content and DPPH radical scavenging assays were 
expressed as means ± standard error of triplicate assays. The data were analyzed by 
one-way analysis of variance followed by Dunnett’s multiple comparison test for 
comparison of 50% acetone extracts and each fraction, with p value < 0.01 indicating 
significance. 
 
1.8. Antimicrobial activity 
Micro-well dilution broth susceptibility assays were used to determine the 
minimum inhibitory concentrations (MICs). The hexane extracts of the peel and seed in 
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dimethyl sulfoxide (DMSO, 1.0 mg/ml) were prepared as the test solutions, and 
aqueous solutions of kanamycin and aureobasidin (1.0 mg/ml) were prepared as positive 
controls. 
Antimicrobial activities were tested against Bacillus subtilis JCM 1465, Bacillus 
cereus NBRC 3457, Micrococcus luteus NBRC 12708, Staphylococcus aureus NRIC 
1135, Staphylococcus epidermidis NBRC 100911, Streptococcus mutans JCM 5175, 
Escherichia coli O157 JCM 18426, Pseudomonas aeruginosa JCM 5962, Salmonella 
typhimurium NBRC 12529, Saccharomyces cerevisiae NRIC 1410 and Candida 
albicans JCM 2085. Mueller-Hinton broth medium (MHB, 23.1 g/L, 90 µl) and the test 
solutions (10 µl) were added to the first well of a 96-well plate. Aliquots (50 µl) of the 
mixtures in the first column were transferred to the second column, and were diluted 
with 50 µl of MHB (21.0 g/L). The procedure was repeated to the eleventh column. 
Inoculum (5 µl) of each microorganism prepared having 0.132-0.257 OD at 600 nm was 
added, and incubated at 25, 30 or 37ºC for 18 hr. The growths of the bacteria were 
megascopically determined, and MIC values were determined. 
 
2. Results and discussion 
 
The total polyphenol contents and condensed tannin contents are shown in Table 2. 
The content of polyphenol in the 50% acetone extract of the seed (404.6 mg/g) was 2.7 
times higher than that of the peel (151.0 mg/g). The polyphenol contents in the fractions 
obtained by Sephadex-LH-20 chromatography were also shown in Table 2. The 80% 
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MeOH Fr. showed the highest content  (740 ± 7.4 mg/g) and those in the 70-100% 
MeOH Fr.s and 50% and 100% acetone Fr.s exceeded 500 mg/g, significantly higher 
than the 50% acetone extracts. 
The condensed tannin in the 50% acetone extract of the seed  (73.9 mg/g) was 4 
times higher than that of the peel (19.1 mg/g), and the contents were about 20% of total 
polyphenol contents. The contents of condensed tannin were high in the fractions after 
the 100% MeOH Fr. 
The IC50 values of DPPH radical scavenging activity of the 50% acetone extracts 
and 8 fractions obtained by Sephadex LH-20 column chromatography are shown in 
Table 3. The IC50 value of the 50% acetone extract of seed (29.2 ± 0.2 µg/ml) was lower 
than that of peel (97.9 ± 1.5 µg/ml), and the activity was about one third of that for 
gallic acid. Among the fractions of seed, the 80% MeOH Fr. showed the highest activity 
(19.4 ± 0.0 µg/ml) and the 50% MeOH Fr. showed the lowest (155.5 ± 0.2 µg/ml). The 
fractions after 70% MeOH Fr. exhibited significantly higher (p < 0.01) activity than the 
50% acetone extracts. Therefore, many anti-oxidative compounds are likely contained 
in the seed of camu-camu. The polyphenol content was closely correlated with DPPH 
radical scavenging activity. 
The HPLC chromatograms of the 50% acetone extract of seed, 50-100% MeOH 
Fr.s and 50 and 100% acetone Fr. from seed showed a number of peaks detected at 280 
nm (Fig. 1 and 2). In the chromatogram of the 50% acetone extract, gallic acid and 
ellagic acid were identified by comparing their retention times with those of authentic 
samples. The chromatogram of the most active fraction (80% MeOH Fr.) showed a 
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almost single peak of compound 3, and that of the 70% MeOH Fr. showed two main 
peaks of 2 and 3. Compound 3 was observed in the chromatogram of 90% MeOH Fr. 
As no other large peaks were observed in the chromatograms of the other fractions, 
constituents in 70% MeOH Fr. and 80% MeOH Fr. were determined as the main 
polyphenols of the seed extract of camu-camu. On the other hand, broad peaks around 
tR=30 min. were detected in 100% MeOH Fr., 50% and 100% acetone Fr. Presence of 
condensed tannin was implied in these fraction by vanillin - HCl method, the broad 
peaks were assumed to be condensed tannins. The HPLC chromatogram of the 50% 
acetone extract of peel resembled to that of seed, the composition of polyphenols in the 
50% acetone extract of peel must be identical to those of seed. 
 
Antibacterial activities of hexane extracts of peel and seed against nine bacteria 
and two fungi (Table 4). The hexane extracts of the peel and seed exhibited 
antimicrobial activities against Gram-positive bacteria. The minimum inhibition 
concentrations (MIC) of the hexane extracts were in the range of 3.13-25.0 µg/m, 
except for that of the seed against S. mutans (100 µg/ml). Comparing with kanamycin, 
as a positive control, the antimicrobial activities of hexane extracts of the peel and seed 
were strong as crude extracts. There was no difference between antimicrobial activities 
of the extracts of peel and seed, but the yield of hexane extract of peel (7.3%) was about 
3 times higher than that of seed (2.5%), thus the peel extract must be useful for 
antimicrobial applications. 
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As mentioned above, the peel and seed of camu-camu, the industrial waste of juice 
production, were revealed to have strong antioxidant and antimicrobial activities. For 
application of these functional properties, investigation on the active constituent 
responsible for these functions was performed. 
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Table 1. Fractionation of the 50% acetone extracts by chromatography on Sephadex 
       LH-20 
Fraction 
Yield (mg) 
Peel Seed 
50 % MeOH Fr. 1968.8 1551.9 
60 % MeOH Fr. 1835.2  727.1 
70 % MeOH Fr.  509.7  403.4 
80 % MeOH Fr.  232.4  267.8 
90 % MeOH Fr.   91.0  113.2 
100 % MeOH Fr.   84.6  127.2 
50 % Acetone Fr.  346.7 1307.9 
100 % Acetone Fr.    9.7  320.0 
Total 5078.1 4818.5 
 
 
Table 2. Total polyphenol (TP) and condensed tannin (CT) content in the 50% acetone 
       extracts and fractions obtained by chromatography on Sephadex LH-20 
Sample Peel  Seed 
TP (mg/g) CT (mg/g)  TP (mg/g) CT (mg/g) 
50% Acetone extract 151.0 ± 3.9  19.1 ± 0.0  404.6 ± 0.8  73.9 ± 4.5 
50% MeOH Fr.  84.0 ± 1.2  16.9 ± 3.4  122.5 ± 1.8  55.4 ± 3.0 
60% MeOH Fr. 196.3 ± 6.8  33.9 ± 2.0  249.6 ± 6.9  40.6 ± 0.7 
70% MeOH Fr. 323.2 ± 7.6  56.2 ± 2.0  554.8 ± 8.2  82.1 ± 1.5 
80% MeOH Fr. 408.4 ± 6.9  98.4 ± 4.9  740.4 ± 7.6  82.1 ± 1.5 
90% MeOH Fr. 447.6 ± 5.1  89.5 ± 1.5  578.2 ± 9.4 131.0 ± 3.9 
100% MeOH Fr. 348.2 ± 5.7 128.7 ± 2.0  522.4 ± 3.1 302.8 ± 0.7 
50% Acetone Fr. 539.5 ± 6.2 349.5 ± 4.5  559.5 ± 4.4 496.2 ± 4.5 
100% Acetone Fr. 428.4 ± 5.5 414.2 ± 2.0  623.5 ± 5.8 455.4 ± 6.0 
n = 3, mean ± SEM 
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Table 3. DPPH radical scavenging activities (IC50 value) of the 50% acetone extracts 
       and fractions obtained by Sephadex LH-20 
Sample 
IC50 (µg/ml) 
Peel Seed 
50% Acetone extract  97.9 ± 1.5  29.2 ± 0.6 
50% MeOH Fr. 141.8 ± 1.1 155.5 ± 0.2 
60% MeOH Fr.  70.0 ± 0.9  47.0 ± 0.6 
70% MeOH Fr.  45.2 ± 1.3  27.0 ± 0.4 
80% MeOH Fr.  38.1 ± 0.4  19.4 ± 0.0 
90% MeOH Fr.  28.5 ± 0.3  20.4 ± 0.3 
100% MeOH Fr.  41.6 ± 0.5  24.3 ± 0.1 
50% Acetone Fr.  20.3 ± 0.1  23.3 ± 0.1 
100% Acetone Fr.  32.5 ± 0.3  24.1 ± 0.2 
Gallic acid  10.1 ± 0.2  
n = 3, mean ± SEM 
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Fig. 1. HPLC chromatograms of the 50% acetone Fr. of peel and seed 
       Detection: PDA detector (280 nm) 
  Gradient condition: see "materials and chemicals" section. 
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Fig. 2. HPLC chromatograms of 50% acetone Fr. and the fractions obtained by 
      Sephadex LH-20 of 50% acetone Fr. of seed 
  Detection: PDA detector (280 nm) 
  Gradient condition: see "materials and chemicals" section. 
50% MeOH Fr.
60% MeOH Fr.
70% MeOH Fr.
80% MeOH Fr.
90% MeOH Fr.
100% MeOH Fr.
50% acetone Fr.
100% acetone Fr.
2
3
3
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Table 4. Antibacterial activities of the hexane extracts of peel and seed against nine 
       bacteria and two fungi 
 
MIC (µg/ml) 
Peel Seed Positive control 
Bacillus subtilis 12.50  12.50 1.56a 
Bacillus cereus  6.25   3.13 6.25a 
Micrococcus luteus  6.25  25.00 6.25a 
Staphylococcus aureus 12.50   6.25 1.56a 
Staphylococcus epidermidis  6.25  12.50 1.56a 
Streptococcus mutans 25.00 100.00 1.56a 
Escherichia coli O157 >100 >100 1.56a 
Pseudomonas aeruginosa >100 >100 1.56a 
Salmonella typhimurium >100 >100 6.25a 
Saccharomyces cerevisiae >100 >100 3.13b 
Candida albicans >100 >100 1.56b 
a: Kanamycin, b: Aureobasidin 
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Chapter 2 
Antioxidant Activities of C-Glycosidic Ellagitannins 
in the Peel and Seed of Camu-camu (Myrciaria dubia). 
 
Two fractions obtained from the 50% acetone extracts by chromatography on 
Sephadex LH-20  (70% MeOH Fr. and 80% MeOH Fr.) were shown to contain large 
amounts of polyphenol, and the amounts of these fractions were relatively large. As 
gallic acid and ellagic acid were detected in 50% and 60% MeOH Fr.s, hydrolysable 
tannins with hexahydroxydiphenolyl group, ellagitannins, were predicted in 70% 
MeOH Fr. and 80% MeOH Fr.. Chromatographic purification of these fractions resulted 
in the isolation of six C-glycosidic ellagitannins, and these tannins were structurally 
related. Therefore, their antioxidant activities were assayed by three methods; single 
electron transfer assays, DPPH and 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulphonic 
acid) (ABTS) radical scavenging, and hydrogen atom transfer assay, oxygen radical 
absorbance capacity (ORAC) assay, and the relation between antioxidant activities and 
structure of C-glycosidic ellagitannins was discussed. 
 
1. Materials and methods 
 
1.1. Materials and chemicals 
Fluorescein sodium salt and (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2- 
carboxylic acid (trolox), were purchased from Sigma-Aldrich Co. (St. Louis, USA). 
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2,2′-Azobis (S-methylpropionamidine) dihydrochloride (AAPH), N-methyl-N-nitroso-p- 
toluenesulfonamide and ascorbic acid were purchased from Wako Pure Chemical 
(Osaka, Japan). Other chemicals were purchased from Kanto Chemicals (Tokyo, Japan). 
 
1.2. General experimental methods 
Nuclear magnetic resonance (NMR) spectra of samples were measured in 
acetone-d6 : D2O = 5 : 2 or D2O with an Agilent MR-400 NMR spectrometer. Chemical 
shifts were determined using acetone-d6 (δH: 2.04 ppm, δC: 29.8 ppm) as the internal 
reference. Mass spectra were measured with a JEOL JMS-700 spectrometer in negative 
FAB mode. Optical rotations were measured on a JASCO P-2100 polarimeter. 
Preparative HPLC was performed with a Shimadzu LC-8A pump, a Hitachi L-4200 
detector set at 280 nm with a prep cell (2 mm), and an Inertsil ODS-3 column (20 mm 
i.d. × 250 mm, GL Sciences, Tokyo, Japan). The mobile phase was composed of 8-15% 
acetonitrile containing 0.1% acetic acid (flow rate 6.0 ml/min). 
 
1.3. Isolation 
The 60-100% MeOH Fr. were dissolved in 8-15% acetonitrile, and the soluble 
portion was subjected to preparative HPLC. From 1.0 g of the 50% acetone extract, 
compounds 1 (2.3 mg), 2 (19.7 mg), 3 (41.9 mg), 4 (2.9 mg), 5 (2.9 mg), and 6 (5.2 mg) 
were obtained. The purities of the isolated compounds were confirmed by HPLC, NMR, 
the molecular extinction coefficient of their UV spectra, and specific optical rotation. 
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1.3.1 Grandinin (1) 
A light brown amorphous powder. UV (H2O) λmax = 230 nm, [α]D = 14.8° (c = 0.80, 
H2O), HR-MS; m/z = 1065.1068 [M-H]- (calcd. for C46H33O30, 1065.1044). 1H NMR 
(400 MHz, D2O): δ 6.85 (s, 1H), 6.79 (s, 1H), 6.58 (s, 1H), 5.39 (d, J = 7.0 Hz, 1H, 
H-5), 5.32 (s, 1H, H-2), 4.97 (t, J = 7.0 Hz, 1H, H-4), 4.76 (dd, J = 5.2, 12.5 Hz, 1H, 
H-6), 4.56 (d, J = 7.0 Hz, 1H, H-3), 4.11 (d, J = 2.3 Hz, 1H, H-2'), 4.03 (d, J = 5.2, 12.5 
Hz, 1H, H-6), 3.84 (d, J = 5.2 Hz, 1H, H-4'), 3.82 (br.s, 1H, H-3'), 3.76 (dd, J = 5.2, 
10.0 Hz, 1H, H-5'), 3.41 (d, J = 1.2 Hz, 1H, H-1), 3.38 (d, J = 10.0 Hz, 1H, H-5'). 13C 
NMR (100 MHz, D2O): δ 170.0, 167.4, 167.3, 166.7, 165.8, 146.4, 144.9, 144.8, 144.4, 
143.7, 143.7, 143.6, 143.5, 142.9, 137.3, 136.7, 136.1, 135.1, 134.2, 126.2, 125.5, 125.3, 
123.9, 123.1, 115.1, 114.0, 113.9, 113.5, 113.3, 111.9, 109.2, 109.2, 107.0, 
100.5 (C-1'), 72.1 (C-2), 71.2 (C-2'), 71.0 (C-3'), 70.7 (C-5), 70.5 (C-3), 69.5 (C-4), 
65.8 (C-4'), 65.0 (C-6), 62.0 (C-5'), 45.1 (C-1). 
 
1.3.2. Vescalagin (2) 
A light brown amorphous powder. UV (50% MeOH) λmax (log ε) = 230 nm (4.68). 
[α]D = -80° (c = 0.14, MeOH), HR-MS; m/z = 935.0792 [M+H]+ (calcd. for C41H27O26, 
935.0780). 1H-NMR (400 MHz, acetone-d6+D2O): δ 6.71 (1H, s), 6.70 (1H, s), 6.55 
(1H, s), 5.54 (1H, dd, J = 2.4, 7.0 Hz, H-5), 5.19 (1H, dd, J = 1.3, 2.1 Hz, H-2), 5.10 
(1H, t, J = 7.0 Hz, H-4), 4.94 (1H, dd, J = 2.4, 12.4 Hz, H-6), 4.82 (1H, d, J = 2.1 Hz, 
H-1), 4.47 (1H, dd, J = 1.3, 7.0 Hz, H-3), 4.00 (1H, d, J = 12.4 Hz, H-6'). 13C-NMR 
(100 MHz, acetone-d6+D2O): δ 174.6, 169.3, 167.2, 166.4, 165.5, 165.4, 147.4, 145.2, 
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145.0, 144.5, 144.4, 144.3, 144.2, 144.2, 143.8, 137.3, 136.6, 136.2, 135.6, 134.8, 127.3, 
126.2, 124.6, 124.3, 124.2, 116.6, 115.8, 115.4, 114.7, 114.4, 114.1, 112.9, 108.4, 108.0, 
107.1, 77.5 (C-2), 70.9 (C-5), 69.0 (C-4), 68.1 (C-3), 65.3 (C-6), 64.9 (C−1). 
 
1.3.3. Castalagin (3) 
A light brown amorphous powder. UV (50% MeOH) λmax (log ε) = 230 nm (4.74). 
[α]D = -136° (c = 0.05, MeOH), HR-MS; m/z = 935.0765 [M+H]+ (calcd. for C41H27O26, 
935.0780). 1H-NMR (400 MHz, acetone-d6+D2O): δ 6.71 (1H, s), 6.71 (1H, s), 6.57 
(1H, s), 5.63 (1H, d, J = 4.6 Hz, H-1), 5.50 (1H, dd, J = 2.6, 7.0 Hz, H-5), 5.11 (1H, t, J 
= 7.0 Hz, H-4), 4.97 (1H, dd, J = 2.6, 12.5 Hz, H-6), 4.95 (1H, dd, J = 1.1, 4.6 Hz, H-2), 
4.91 (1H, dd, J = 1.1, 7.0 Hz, H-3), 3.99 (1H, d, J = 12.4 Hz, H-6'). 13C-NMR (100 
MHz, acetone-d6+D2O): δ  175.1, 169.2, 167.2, 166.6, 165.5, 164.9, 146.4, 145.2, 145.0, 
144.9, 144.5, 144.3, 144.3, 144.2, 143.9, 143.4, 137.8, 136.5, 136.2, 135.7, 134.7, 127.1, 
126.1, 124.7, 124.6, 121.6, 115.8, 115.7, 115.7, 114.7, 114.1, 112.5, 108.5, 108.0, 107.3, 
73.9 (C-2), 71.0 (C-5), 69.0 (C-4), 66.7 (C−1), 66.1 (C-3), 65.2 (C-6),. 
 
1.3.4. Methylvescalagin (4) 
A light brown amorphous powder. UV (50% MeOH) λmax = 230 nm, [α]D = -36.5 
(c = 0.09, MeOH), HR-MS; m/z = 947.0805 [M-H]- (calcd. for C42H27O26, 947.0780). 
1H NMR (400 MHz, acetone-d6 + D2O): δ 6.71 (s, 1H), 6.67 (s, 1H), 6.56 (s, 1H), 5.54 
(d, J = 7.3 Hz, 1H, H-5), 5.32 (br.s, 1H, H-2), 5.12 (t, J = 7.3 Hz, 1H, H-4), 4.92 (dd, J 
= 2.5, 12.4 Hz, 1H, H-6), 4.60 (d, J = 2.0 Hz, 1H, H-1), 4.44 (d, J = 7.3 Hz, 1H, H-3), 
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4.01 (d, J = 12.4 Hz, 1H, H-6), 3.51 (s, 3H, OMe). 13C NMR (100 MHz, acetone-d6 + 
D2O): δ 168.8, 166.6, 166.0, 164.8, 164.8, 147.3, 144.7, 144.5, 144.5, 144.1, 144.0, 
144.0, 143.9, 143.5, 136.7, 136.3, 135.7, 135.1, 134.4, 126.8, 125.8, 124.3, 124.2, 123.8, 
115.6, 114.8, 114.2, 114.0, 113.7, 113.5, 112.4, 107.9, 107.5, 106.4, 73.7 
(C-2), 72.4 (C-1), 70.3 (C-5), 68.8 (C-4), 67.5 (C-3), 64.8 (C-6), 56.1 (OMe). 
 
1.3.5. Stachyurin (5) 
A light brown amorphous powder. UV (50% MeOH) λmax (log ε) = 230 nm (4.68), 
[α]D = 14.8 (c = 0.02, MeOH), HR-MS; m/z = 935.0816 [M-H]- (calcd. for C41H27O26, 
935.0780).1H NMR (400 MHz, acetone-d6 + D2O): δ 7.14 (s, 2H, galloyl-H), 6.95 (s, 
1H, HHDP-H), 6.59 (s, 1H, HHDP-H), 6.54 (s, 1H, HHDP-H), 5.76 (dd, J = 2.0, 8.6 Hz, 
1H, H-4), 5.36 (dd, J = 3.3, 8.6 Hz, 1H, H-5), 5.05 (t, J = 2.0 Hz, 1H, H-3), 4.97 (d, J = 
2.0 Hz, 1H, H-1), 4.94 (dd, J = 3.3, 13.1 Hz, 1H, H-6), 4.88 (t, J = 2.0 Hz, 1H, H-2), 
4.10 (d, J = 13.1 Hz, 1H, H-6). 13C NMR (100 MHz, acetone-d6 + D2O): δ 168.7, 168.6, 
168.2 166.1, 165.8, 146.2, 145.1, 145.0, 144.4, 144.4, 143.9, 143.9, 143.2, 143.0, 138.8, 
137.8, 136.1, 135.3, 134.4, 126.5, 125.7, 123.9, 120.9, 119.5, 117.7, 115.6, 115.5, 115.2, 
114.5, 109.4, 107.9, 106.4, 104.7, 80.5 (C-2), 72.4 (C-4), 71.2 (C-3), 70.2 
(C-5), 63.8 (C-1), 63.8 (C-6). 
 
1.3.6. Casuarinin (6) 
A light brown amorphous powder. UV (50% MeOH) λmax (log ε) = 230 nm (4.71), 
[α]D = 14.8 (c = 0.23, MeOH), HR-MS; m/z = 935.0808 [M-H]- (calcd. for C41H27O26, 
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935.0780). 1H NMR (400 MHz, acetone-d6 + D2O): δ 7.02 (s, 2H, galloyl-H), 6.77 (s, 
1H, HHDP-H), 6.47 (s, 1H, HHDP-H), 6.42 (s, 1H, HHDP-H), 5.53 (d, J = 5.1 Hz, 1H, 
H-1), 5.41 (dd, J = 2.0, 8.7 Hz, 1H, H-4), 5.38 (t, J = 2.0 Hz, 1H, H-3), 5.26 (dd, J = 3.3, 
8.7 Hz, 1H, H-5), 4.82 (dd, J = 3.3, 13.0 Hz, 1H, H-6), 4.58 (dd, J = 2.0, 5.1 Hz, 1H, 
H-2), 4.02 (d, J = 13.0 Hz, 1H, H-6). 13C NMR (100 MHz, acetone-d6 + D2O): δ 169.2, 
168.7, 168.2, 165.7, 165.2, 145.4, 145.2, 144.9, 144.3, 144.1, 144.1, 143.2, 142.8, 138.8, 
138.4, 136.3, 135.3, 134.3, 126.3, 125.8, 123.7, 119.5, 118.7, 116.5, 115.7, 115.4, 115.4, 
114.5, 109.3, 107.7, 106.2, 104.5, 76.2 (C-2), 73.2 (C-4), 70.3 (C-5), 68.9 
(C-3), 66.0 (C-1), 63.7 (C-6). 
 
1.4. Methylation of phenolic hydroxyl groups 
To the methanolic solution of compound 3 (5 mg/10 ml), diazomethane prepared 
from N-methyl-N-nitroso-p-toluenesulfonamide was added several times. The reaction 
mixture was concentrated to dryness, and the residue was methylated with dimethyl 
sulfate and potassium carbonate in acetone by refluxing. The reaction product was 
isolated by preparative thin layer chromatography (TLC, PLC silica gel 60 F254, 2 mm, 
Merck KGaA, Germany) using a solvent system of CHCl3 - MeOH (9 : 1). 
 
1.5. DPPH radical scavenging assay 
DPPH radical scavenging activity was assayed as the same method described in 
Chapter 1. Sample solutions were prepared at concentrations of 5.0-100 µg/ml (in 75 
mM phosphate buffer, pH 7.4). The assays were carried out in triplicate. Gallic acid 
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(30-50 mM) and ascorbic acid (100-200 mM) were used as positive controls. The trolox 
equivalent values were calculated as follows: 
Trolox equivalent = troloxIC50 (M)/sampleIC50 (M)       (2) 
 
1.6. ABTS radical scavenging assay 
ABTS radical scavenging activity was measured using a spectrophotometric 
method24) with slight modifications. The stock solutions were 7.4 mM ABTS solution 
and 2.6 mM potassium persulfate solution. The working solution was then prepared by 
mixing the two stock solutions in equal quantities and allowing them to react for 15 h at 
room temperature in the dark. The solution was then diluted by mixing 4 ml ABTS 
solution with 30 ml MeOH to obtain an absorbance of 0.6 at 660 nm using the 
spectrophotometer. Working solution was prepared for each assay. Sample solutions (50 
µl) at concentrations of 6.25-25.0 µg/ml (in 75 mM phosphate buffer, pH 7.4) and 
MeOH (50 ml) were mixed with ABTS working solution (100 µl) in a 96-well plate. 
The mixture was shaken well and incubated in the dark for 10 min at 30°C. The 
absorbance was measured at 660 nm using a microplate reader. 
The inhibition of ABTS radical scavenging activity was calculated by equation (1) 
in Chapter 1. The IC50 values expressed in µM were calculated from an inhibition curve. 
The assays were carried out in triplicate. Gallic acid (30-50 µM) and ascorbic acid 
(100-200 µM) were used as a positive control. The trolox equivalent values were 
calculated by equation (2). 
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1.7. ORAC assay 
ORAC assay was performed by Prior, et al. method25) with slight modification. 
Sample solution (25 µl) at concentrations of 6.25-25.0 µg/ml (in 75 mM phosphate 
buffer, pH 7.4) was added to 8.22×10-5 mM fluorescein solution (150 mL, 75 mM 
phosphate buffer, pH 7.4), and the mixtures was incubated at 37°C, 10min. Then, 153 
mM AAPH solution (25 mL, 75 mM phosphate buffer, pH 7.4) was added to the 
mixture. After shaking, the fluorescence intensity (Ex. 485 nm, Em. 520 nm) was 
measured once every minute for 50 min. The trolox equivalent values were calculated 
by subtraction of the area under the quenching curve (AUC) of control from those of 
samples. Gallic acid (6.25-50 µM) and ascorbic acid (50-200 µM) were used as a 
positive control. 
 
1.8. Statistical analysis 
Results of antioxidant assays were expressed as means ± standard error of triplicate 
assays. Statistical treatments of data were made using the JMP 11 software (SAS 
Institute Inc., Cary, NC USA). These results were analyzed using ANOVA followed by 
the Tukey test for statistical comparisons among groups, with a value of p < 0.05 
indicating significance. Comparisons of samples among these compounds were done by 
Student’s t-test. 
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1.9. Computational method 
The structures of all compounds reported in this paper were fully optimized by the 
DFT-B3LYP method with the 6-31G* basis set using GAUSSIAN 09 software.26) 
 
2. Results and discussion 
 
2.1. Structural characterization of C-glycosidic ellagitannins 
The 50% acetone extract of seed was fractionated by chromatography on Sephadex 
LH-20, and following purification by preparative reversed-phase HPLC resulted in the 
isolation of compounds 1-6. 
In the 1H-NMR spectra of compound 2 and 3 (Fig. 3a and 3b, respectively), the 
signals of three aromatic protons were observed, along with 7 signals of protons 
assignable to hexose. Methylation with diazomethane and dimethyl sulfate/potassium 
carbonate indicated that 3 had 15 phenolic hydroxyl groups, methoxy methyl groups 
were observed at δ 3.46-4.03 as shown in Fig. 4. These results indicated the presence of 
a hexahydroxydiphenoyl (HHDP) group and a nonahydroxyterphenoyl (NHTP) group. 
The 1H- and 13C-NMR spectra showed no signal assignable to esterified anomeric 
proton and carbon; accordingly, the presence of C-glycoside linkage was implied. 
Therefore, the structure of 2 was asumed to be a C-glycosidic ellagitannin with a HHDP 
group and a NHTP group, which esterified with an open chain hexose with C-glycoside 
linkage at anomeric position. Compound 3 showed closely related 1H- and 13C-NMR 
data with those of 2, and 3 was assumed to be structurally related to 2. In a comparison 
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of their NMR and other spectral data with the literature,27-30) 2 and 3 were characterized 
as vescalagin and castalagin, respectively (Fig. 5), C-glycosidic ellagitannins with a 
HHDP and a NHTP groups attached to the open chain D-glucose at C-2 - C-6 position 
by ester linkage, and C-1 position of glucose is attached directly to the NHTP by 
C-glucosidic linkage. Vescalagin (2) and castalagin (3) were found to be the main 
C-glycosidic ellagitannins in the 50% extract of the seed of camu-camu, approximately 
5% and 10% of the total polyphenols, respectively, as shown in Fig. 1. 
In 1H- and 13C-NMR spectra of compound 1, six additional sugar proton and five 
additional sugar carbon signals were observed compared with those of vescalagin (2). 
2D-NMR experiments showed that 1 had a pentose moiety attached to 2. The pentose 
was assumed to be attached to C-1 of the D-glucose via a C-C linkage, because 
anomeric carbon of D-glucose was observed at δ 45.1 and the H-2 signal of the 
D-glucose (δ 5.32) showed a cross peak with the anomeric carbon (δ 100.5) of a pentose 
in the HMBC spectrum. Comparing the spectral data with those in the literature,31) 1 
was characterized as grandinin with a D-lyxose linked to C-1 of the D-glucose as a 
C-glycoside. 
The 1H- and 13C- NMR spectra of compound 4 closely resembled to those of 
vescalagin (2), but signals of a methoxy methyl group were observed at δH 3.51 and δC 
56.1, and a cross peak was observed between the methoxy methyl protons (δ 3.51) and 
the anomeric carbon (δ 72.4) of D-glucose in the HMBC spectrum. (Fig. 6) Therefore, 4 
was characterized as methylvescalagin, and was confirmed by comparison of the 
spectral data with those in literature.32) 
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The 1H- and 13C- NMR spectra of compound 5 and 6 were analogous to those of 
vescalagin (2) and castalagin (3), respectively, but signals of two HHDP and a galloyl 
group were observed in the aromatic region of the 1H-NMR spectrum. (Fig. 3c and 3d) 
The HMBC experiments showed the presence of a galloyl group at the C-5 position of 
the open ring D-glucose, and two HHDP groups were attached between C-2 - C-3 and 
C-4 - C-6. Therefore, 5 and 6 were characterized as stachyurin and casuarinin, 
respectively, and the structures were confirmed by comparison of their spectral data 
with literature.33) 
These C-glycosidic ellagitannins were isolated from many plants mainly belonging 
to Fagaceae, Myrtaceae, Juglandaceae, Casuarinaceae, Stachyuraceae, Betulaceae, 
Punicaceae, Lythraceae,34) Combretaceae,35) Melastomataceae,32) and Trapaceae, 36) and 
in most cases, these tannins were isolated from leaves, bark, wood, and branches. 
Tanaka et al. isolated C-glycosidic ellagitannins from the fruits of Lagerstroemia 
speciosa (Lythraceae), 37) and Hager et al. detected these tannins in the seed of Rubus sp. 
(Rosaceae) by LC-MS, 38, 39) but camu-camu is the first case in which these tannins were 
isolated from the seed and peel of a plant belonging to Myrtaceae. 
Moreover, recently, the food chemical importance and biological activities of 
vescalagin (2) and castalagin (3) have been extensively studied, and camu-camu seed 
and peel could become important sources of 2 and 3. 
 
2.2. Antioxidant activities of C-glycosidic ellagitannins 
DPPH and ABTS radical scavenging activities, and ORAC activities of 1-6 are 
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shown in Table 5. The activities are expressed as trolox equivalents (mol trolox 
equivalent /mol). ABTS radical scavenging activities and ORAC activities of 1 and 4 
were not tested because of the shortness of samples. The antioxidant activities of these 
tannins were demonstrated to be two times more potent than that of gallic acid, and ten 
times than that of ascorbic acid. 
Among these tannins, grandinin (1) and methylvescalagin (4) have the same 
conformation as that of vescalagin (2), but their DPPH scavenging activities were 7.19, 
7.52, and 7.81 (mol trolox equivalent /mol), respectively, which were significantly 
different from each other. As shown in Fig. 2, the configuration of the 2 moieties of 1 
and 4 were almost same, but replacement of the C-1-hydroxyl group of 2 by a methoxy 
group and a C-C bonded D-xylose caused significant decrease in the activity. This 
decrease in activity must be due to steric effects of the replaced group on phenolic 
hydroxyl groups of ring-I of the NHTP group. 
Vescalagin (2) and castalagin (3), and stachyurin (5) and casuarinin (6) are pairs of 
diastereomers that have opposite configurations at C-1 of the open-ring D-glucose. 
Compound 2 and 3 are hypothetically formed by oxidative coupling of the HHDP group 
attached between C-2 and C-3 and the galloyl group at C-5 of stachyurin (5) and 
casuarinin (6), respectively.15) The spatial positions of the galloyl moieties of 5 and 6 
might be apart from the HHDP groups, but for 2 and 3, C-C bond between the HHDP 
and galloyl group prevent the rotations around C-3, C-4, and C-5. Compound 5 and 6 
exhibited more potent DPPH and ABTS radical scavenging activities (single electron 
transfer assays) than 2 and 3, respectively (Table 5). The results might be due to the 
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flexibilities around C-3, C-4, and C-5. The DPPH radical scavenging activities of 
ellagitannins with HHDP and galloyl group(s) were reported to be more potent than 
those with only HHDP group(s).40) The author’s results are in agreement with their 
findings. 
On the other hand, the results of antioxidant activities by ORAC assay, a hydrogen 
atom transfer assay, were different from those of single electron transfer assays. 
Compound 3 was shown to be more potent antioxidant than 2, and this relation was the 
same in the case of 5 and 6. Comparing 3 and 6, 6 was shown to be more potent 
antioxidant than 3, but the relation was not same in the case of 2 and 5. 
Vivas et al. pointed out that 2 had more polar chromatographic behavior, and was 
more liable to oxidation and thermal decomposition than 3, and they concluded that the 
orientation of the hydroxy group at C-1 of the open ring D-glucose affected the 
molecular lipophilicity and molecular electrostatic potential.41) Quideau et al. (2004) 
reported anti-herpes virus activities of 2 and 3, and they concluded that the difference in 
activities might be due to the orientation of the hydroxyl group at C-1.15) The hydroxyl 
group of 3 has an orientation that allows it to form a hydrogen bond with the phenolic 
hydroxyl group of the NHTP I-ring, whereas the hydroxyl group of 2 is not. The 
author’s results of molecular modeling calculation (Fig. 7) indicated that the prominent 
difference between the minimum-energy conformations of vescalagin (2) and castalagin 
(3) were also the orientation of the hydroxyl group at C-1 position of D-glucose. Thus, 
the difference in DPPH radical scavenging activities of vescalagin (2) and castalagin (3) 
(also stachyurin (5) and casuarinin (6)) must be related to the orientation of hydroxyl 
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group. The antioxidant activity of galloyl moiety (three adjacent phenolic hydroxyl 
groups) was reported to be responsible to the stabilization of O-radical with hydrogen 
bonds with adjacent hydroxyl groups.42) In the case of 3 (also 6), the hydroxyl group at 
the C-1 position participates in a hydrogen bond with the phenolic hydroxyl group in 
the I-ring of the NHTP group; therefore, the stability of the 4-O-radical would be 
reduced. 
Considering these results and reports, antioxidant activities of C-glycosidic 
ellagitannins measured by single electron transfer assays (DPPH and ABTS radical 
scavenging) must be explained by the flexibility of rotation around C-3, C-4, and C-5 of 
the D-glucose and the orientation of the hydroxyl group at C-1 position which causes 
difference in the stability of oxygen radical subsequently. However, antioxidant 
activities of C-glycosidic ellagitannins measured by ORAC assay (hydrogen atom 
transfer assay) were revealed to be controlled by other mechanism(s). More studies 
must be needed to clarify the mechanism(s). 
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Fig. 3. 1H-NMR spectra of C-glycosidic ellagitannin 
(a): Vescalagin (2), (b): Castalagin (3), (c): Stachyurin (5), (d): Casuarinin (6) 
(a)
(b)
(c)
(d)
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Fig. 4. 1H-NMR spectrum of permethyl castalagin 
 
 
 
Fig. 5. Structures of C-glycosidic ellagitannin from camu-camu peel and seed 
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Fig. 6. HMBC spectrum of methylvescalagin (4) 
 
 
Table 5. DPPH and ABTS radical scavenging activities and ORAC of C-glycosidic 
       ellagitannins 
 Antioxidant activities (mol trolox equivalent /mol) 
Sample DPPH ABTS ORAC 
Grandinin (1) 7.19 ± 0.05
e 
 -* - 
Vescalagin (2) 7.81 ± 0.06
c 
6.58 ± 0.12
b 
2.97 ± 0.03
c 
Castalagin (3)  7.42 ± 0.06
de 
6.43 ± 0.02
b 
3.36 ± 0.07
b 
Methylvescalagin (4) 7.52 ± 0.05
d 
- - 
Stachyurin (5) 9.87 ± 0.08
a 
7.61 ± 0.04
a 
2.50 ± 0.02
d 
Casuarinin (6) 8.75 ± 0.05
b 
7.47 ± 0.02
a 
3.71 ± 0.13
a 
Gallic acid 3.08 ± 0.03
f 
3.30 ± 0.04
c 
1.43 ± 0.04
e 
Ascorbic acid 0.65 ± 0.00g 0.80 ± 0.00d 0.11 ± 0.00f 
n = 3, mean ± SEM, p < 0.05 
*; Not tested 
OMe!
C-1!
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Fig. 7. Minimum-energy conformations of C-glycosidic ellagitannin in peel and seed 
  Structures were calculated at the DFT B3LYP/6-31G*level.  
 
Grandinin (1) (lyxose of five membered ring) Grandinin (1) (lyxose of six membered ring)
Vescalagin (2) Castalagin (3) Methylvescalagin (4)
Stachyurin (5) Casuarinin (6)
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Chapter 3 
Condensed tannins in the Peel and Seed 
of Camu-camu (Myrciaria dubia). 
 
Vaniline - HCl tests indecated that about 20% of total polyphenol were assumed to 
be condensed tannin. Condensed tannin is C-C linked polymer of catechin 3-ols, such as 
(+)-catechin, (-)-epicatechin, (+)-gallocatechine, (-)-epigallocatechin and their 
3-O-gallate. Condensed tannins are ordinary present in the plants as a mixture of related 
compounds with different degree of condensation (molecular weight). The structure of 
condensed tannin is elucidated by its components, positions of C-C linkage and 
molecular weight. Purified the condensed tannin in camu-camu seed was obtained by 
sephadex LH-20 and MCI gel CHP-20P chromatography, and then degraded the 
condensed tannin with 2-sulfanylethanol in HCl to identify degradation products to 
characterize the component(s) unit. 
 
1. Materials and methods 
 
1.1. Materials and chemicals 
MeOH-d4 (CD3OD) was purchased from Merck. Ethanol (EtOH), 
2-sulfanylethanol and other chemicals were purchased from Kanto Chemicals (Tokyo, 
Japan). 
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1.2. General experimental methods 
MCI gel CHP-20P (Mitsubishi chemical, Japan) was used for column 
chromatography. Chemical shifts of NMR spectra were determined using CD3OD (δH: 
3.30 ppm and δC: 49.0 ppm) as internal references. Mass spectra were measured with a 
JEOL-T 100 CL spectrometer in positive ESI mode. Preparative HPLC was performed 
with an Inertsil ODS-4 column (20 mm i.d. × 250 mm, GL Sciences, Tokyo, Japan), 
and peaks were detected at 280 nm. 
 
1.3. Fractionation 
The 50% acetone Fr. of seed (1.0 g) was dissolved in 10% EtOH (500 ml) and was 
applied to a Sephadex LH-20 column (32 mm i.d. × 100 mm). The column was eluted 
with a solvent system of H2O - EtOH - MeOH - acetone, and 9 fractions were obtained: 
10% EtOH Fr. (660.0 mg), 50% EtOH Fr. (27.0 mg), 100% EtOH Fr. (6.1 mg), 10% 
MeOH Fr. (2.2 mg), 50% MeOH Fr. B (4.0 mg), 100% MeOH Fr. B (45.5 mg), 10% 
acetone Fr. (23.2 mg), 50% acetone Fr. B (192.7 mg), and 100% acetone Fr. B (56.3 
mg). 
 
1.4. Thiol degradation and isolation of degradation products 
The 10% EtOH Fr. (605.0 mg) was dissolved in a mixture of 5% 2-sulfantlethanol 
in 0.2 M HCl, and the mixture was heated at 70°C. After 6 hour, the mixture was 
diluted five-fold with water, and was directly applied to a column of MCI gel CHP-20P 
(mm i.d. × mm), and washed with H2O. The column was eluted with a solvent system of 
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H2O - acetonitrile, and 12 fractions were obtained (Table 6). The 14% and 20% 
acetonitrile Fr. were dissolved in 6 and 20% acetonitrile containing 0.1% acetic acid, 
respectively, and the soluble portion was subjected to preparative HPLC (flow rate 6.0 
ml/min). From 605.0 mg of 10% EtOH Fr., compounds 7 (4.5 mg), 8 (8.0 mg) and 9 
(4.2 mg) were obtained. The purity of the isolated compounds were confirmed by 
HPLC, NMR and MS spectra. 
 
2. Results and discussion 
 
The HPLC chromatograms of fractions obtained by fractionation of the 50% 
acetone Fr. of the seed exhibited many peaks (Fig. 8). However, in the chromatogram of 
10% EtOH Fr., 50% and 100% acetone Fr. B, broad peaks were observed around tR 30 
min. In the chromatograms obtained by gradient elution mode, condensed tannins 
generally showed broad peak because condensed tannin are present as a mixture of 
many related compounds with different degree of polymerization (molecular weight). 
Degradation of C-C linkage of the condensed tannin was performed using 
2-sulfanylethanol in HCl solution.43) After 6 hr reaction, the broad peak was decreased 
and many sharp peaks were observed in the HPLC chromatogram as shown in Fig. 9. 
These sharp peaks were isolated by chromatography on MCI gel CHP-20P as shown in 
Fig. 10, followed by preparative HPLC. Among the fractions obtained by 
chromatography on MCI gel CHP-20P, 16% and 20% acetonitrile eluted fractions 
showed single peaks, and 14% acetonitrile fraction showed some peaks assumed to be 
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degradation products. Compound 7 and 8 were isolated from 14% and 16% acetonitrile 
fraction, respectively, and 9 from 20% acetonitrile fraction. 
Compound 7 showed molecular ion peak at m/z 458 in its mass spectrum. In the 
aromatic proton region of the 1H-NMR spectrum of 7, two meta-coupled protons at δ 
5.94 and 5.95 (J = 2.3 Hz) and two 2H singlets at δ 6.58 and 6.94were observed. In the 
aliphatic proton region, two doublets at δ 2.85 and 2.93 assignable to geminal protons (J 
= 17.5 Hz) were observed, and two methine protons having oxygen functions were 
observed at δ 4.95 and 5.33. The HSQC experiment also indicated that the doublets at δ 
2.85 and 2.93 were geminal protons (negative cross peak). In the 13C-NMR spectrum of 
7, an ester carbonyl carbon and 18 aromatic carbons were observed, and 9 aromatic 
carbons were supported to have oxygen function. In the aliphatic carbon region, one 
methylene carbon and two methine carbons with oxygen function were observed. These 
data indicated that 7 were assumed to be gallocatechin 3-O-gallate or epigallocatechin 
3-O-gallate (EGCG), and this assumption was supported by HMBC experiment. The 
[α]D value of 7 was -132.8°, thus 7 was characterized as EGCG (Fig. 11). 
Compound 8 showed [M+Na]+ ion peak at m/z 557.07297 in HR-MS spectrum, 
and was indicated to have the molecular formula C24H22O12S. The signals in aromatic 
proton region of 1H-NMR spectrum of 8 resembled to those of 7. However, in aliphatic 
proton region, methylene protons around δ 3.0 were disappeared and two sets of signals 
of methylene protons were observed. Along with these signals, three methine protons 
were shifted to downfield. In the 13C-NMR spectrum of 8, additional methylene carbons 
were observed at δ 34.1 and 61.5, suggesting that the former was adjacent to sulfur and 
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latter to oxygen. Comparing these data with those of 7, 8 was assumed to be 
4-(2-hydroxyethylsulfanyl) derivative of gallocatechin 3-O-gallate or EGCG, and 
2D-NMR data supported the assumption. The specific optical rotation of 8 was -121.3°, 
thus 8 was characterized as (-)-4β-(2-hydroxyethylsulfanyl)-EGCG (Fig. 11). 
Compound 9 showed [M-H]- ion peak at m/z 517, and its 1H-NMR spectrum was 
similar to that of 8. However, 3 signals of aromatic protons due to 1,3,4-trisubstituted 
benzene were observed instead of the signal of 2H proton due to galloyl group. 
2D-NMR spectrum of 9 indicated that the galloyl group was attached to C3 hydroxyl 
group, thus 9 was characterized as 4-(2-hydroxyethylsulfanyl)-derivative of catechin 
3-O-gallate or epicatechin 3-O-gallate (ECG). The specific optical rotation of 9 was 
-136.8°, thus 9 was characterized as (-)-4β-(2-hydroxyethylsulfanyl)-ECG (Fig. 11). 
The results mentioned above suggested that the condensed tannin in the seed of 
camu-camu is composed of EGCG and ECG. As ECG was not detected, the end unit of 
the condensed tannin is assumed to be EGCG predominantly, and EGC is supposed to 
be present in the intra-chain unit. The position of C-C bond was assumed to be C-4 
position, but another position was not yet been cleared, because the structure of dimeric 
degradation product was not yet characterized. 
Time course of the chromatograms of the degradation products of condensed 
tannin with 2-sulfanylethanol in 0.2M HCl are shown in Fig. 12, and the peak of 
compound 10 increased until 5 hr but decreased after 24 hr reaction. This implied that 
10 was dimeric (or trimeric) degradation product that increased with time until 5 hr, but 
was decomposed to monomer in 24 hr. This assumption was supported by the HR-MS 
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data, the [M+H]+ ion peak at m/z 991.1556 supposing molecular formula of 
C46H38O23S+H corresponding to an estimated dimeric degradation product. The precise 
structure of 10 is under investigation. 
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Table 6. Fractionation of the degradation products on MCI gel CHP-20P 
 Yield (mg) 
4% Acetonitorile Fr.  -* 
6% Acetonitorile Fr. - 
8% Acetonitorile Fr. - 
10% Acetonitorile Fr. - 
12% Acetonitorile Fr.  41.5 
14% Acetonitorile Fr.  80.2 
16% Acetonitorile Fr. 105.6 
18% Acetonitorile Fr.  77.5 
20% Acetonitorile Fr.  70.9 
22% Acetonitorile Fr.  53.3 
24% Acetonitorile Fr. - 
30% Acetonitorile Fr. - 
*; Not measured 
43 
Fig. 8. HPLC chromatogram of the 50% acetone Fr. and obtained by sephadex LH-20 
  50% acetone Fr.
  10% EtOH Fr.
  50% EtOH Fr.
100% EtOH Fr.
  10% MeOH Fr.
  50% MeOH Fr. B
100% MeOH Fr. B
  10% acetone Fr.
50% acetone Fr. B
100% acetone Fr. B
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Fig. 9. HPLC chromatograms of condensed tannin and its degradation product by 
      2-sulfanylethanol 
10% EtOH Fr.
10% EtOH Fr. of thiol degradation
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Fig. 10. HPLC chromatogram of the degradation fraction of obtained by MCI gel 
       CHP-20P 
  4% acetonitrile Fr.
  6%
10%
  8%
14%
12%
7
8
18%
16% acetonitrile Fr.

22%
20%
30%
24%
8
9
9
10
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Fig. 11. Structures of degradation products from condensed tannin in camu-camu seed 
7 R1 = OH, R2 = H 
8 R1 = OH, R2 =SCH2CH2OH 
9 R1 = H, R2 =SCH2CH2OH   
O
O
O
OH
OH
OH
OH
OH
OH
HO
R1
R2
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Fig. 12. Time course of the chromatograms of the degradation products 
0 hr
1 hr
2 hr
5 hr
24 hr
10
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Chapter 4 
Acylphloroglucinols as antimicrobial constituents 
in the peel and seed of camu-camu. 
Lipophilic portion of 50% acetone extracts or hexane extracts of the peel and seed 
exhibited strong antimicrobial activities against Gram-positive bacteria comparable to 
those of kanamycin. However, the presence of large amounts of neutral lipids interfered 
with the isolation of active constituents. Futher investigation demonstrated that 
counter-current partition was effective in the removal of neutral lipids, and four 
antimicrobial acylphloroglucinols were isolated. 
 
1. Materials and methods 
 
1.1. Chemicals 
Kanamycin was purchased from Wako Pure Chemicals (Osaka, Japan), and 
aureobasidin from Takara Bio Inc. (Ohtsu, Japan). Other chemicals were purchased 
from Kanto Chemicals (Tokyo, Japan). 
 
1.2. General experimental methods 
NMR spectra were measured in CDCl3. Chemical shifts were determined by using 
tetramethylsilane (TMS) as the internal reference. Mass spectra were measured with an 
Agilent 6540 QTOF spectrometer in positive electrospray ionization (ESI) mode. The 
mobile phase for gradient HPLC was as follows: solvent A was 5% acetonitrile 
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containing 0.2% formic acid, and B was 100% acetonitrile. The gradient condition was 
as follows: 0 min, 0% B; 5 min, 60% B; 15 min, 70% B; 25 min, 80% B; 35-40 min, 
100% B; 41min, 0% B. Preparative HPLC was performed with an Inertsil ODS-4 
column (20 mm i.d. × 250 mm, GL Sciences, Tokyo, Japan). 
 
1.3. Extraction and isolation 
The hexane extract of the peel (500 mg) was dissolved in n-hexane (10 ml) and 
was counter-current partitioned with 90% acetonitrile (10 ml) three times, then hexane 
layer (187.1 mg) and 90% acetonitrile layer (231.4 mg) were obtained. The 90% 
acetonitrile layer was dissolved in 75% acetonitrile, and the soluble portion was 
subjected to preparative HPLC, and obtained two fractions (Fr. A and B). Fr. A was 
pure (compound 12), but Fr. B was shown to be a mixture, and was further fractionated 
by preparative TLC (PLC silica gel 60 F254, 2 mm, Merck, developed with ethyl 
acetate : benzene : acetic acid = 1 : 9 : 0.1) afforded 11. From 1.0 g of the hexane 
extract of peel, 5.0 mg of 11 and 2.0 mg of 12 were obtained. 
The hexane extract of the seed (500 mg) was purified by counter-current partition 
as described above, followed by preparative HPLC to obtain compound 13 and 14. 
From 1.0 g of the hexane extract of seed, 1.6 mg of 13 and 1.2 mg of 14 were obtained. 
 
1.3.1. Rhodomyrtone (11) 
A light yellow amorphous powder. λmax = 297 nm, [α]D = + 10.3° (c = 0.35, 
CHCl3), high resolution mass spectrometry (HR-MS); m/z = 443.2430 [M+H]+ (calcd. 
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for C26H35O6, 443.2424). 1H- and 13C-NMR spectral data see Table 7. 
 
1.3.2. 6,8-dihydroxy-2,2,4,4-tetramethyl-7-(2-methyl-1-oxopropyl)-9-(2-methylpropyl)- 
     4,9-dihydro-1H-xanthene-1,3(2H)-dione (12) 
A light yellow amorphous powder. λmax = 297 nm, [α]D = + 3.4° (c = 0.32, CHCl3), 
HR-MS; m/z = 429.2282 [M+H]+ (calcd. for C25H33O6, 429.2268). 1H-NMR (400 MHz, 
CDCl3): δ 6.07 (1H, s, H-5), 4.24 (1H, t, J = 5.9 Hz, H-9), 3.88 (1H, m, J = 6.6 Hz, 
H-2′), 1.54 (3H, s, 4-CH3), 1.46-1.42 (1H, obscure, H-2′′), 1.44-1.41 (2H, obscure, 
H-1′′), 1.42 (3H, s, 4-CH3), 1.39 (3H, s, 2-CH3), 1.36 (3H, s, 2-CH3), 1.20 (3H, d, J = 
6.6 Hz, 2′-CH3), 1.19 (3H, d, J = 6.6 Hz, 2′-CH3), 0.87 (3H, d, J = 6.0 Hz, 2′′-CH3), 
0.83 (3H, d, J = 6.0 Hz, 2′′-CH3). 13C-NMR (100 MHz, CDCl3): δ 212.1 (C-3), 210.9 
(C-1′), 197.5 (C-1), 166.8 (C-4a), 158.0 (C-6, 8), 106.5 (C-7, 8a), 155.6 (C-10a), 114.2 
(C-9a), 94.9 (C-5), 56.1 (C-2), 47.1 (C-4), 45.9 (C-1′′), 39.8 (C-2′), 25.2 (C-9), 25.1 
(C-2′′), 24.7 (4-CH3), 24.6 (4-CH3), 24.5 (2-CH3), 24.1 (2-CH3), 23.5 (2′′-CH3), 23.1 
(2′′-CH3), 19.2 (2′-CH3), 19.1 (2′-CH3). 
 
1.3.3. Isomyrtucommulone B (13) 
A light yellow amorphous powder. λmax = 297 nm, HR-MS; m/z = 415.2119 
[M+H]+ (calcd. for C24H31O6, 415.2112). 1H-NMR (400 MHz, CDCl3): δ 6.10 (1H, s, 
H-5), 4.29 (1H, d, J = 3.5 Hz, H-9), 3.89 (1H, m, J = 6.6 Hz, H-2′), 1.98 (1H, m, J = 3.5 
Hz, H-1′′), 1.58 (3H, s, 4-CH3), 1.42 (3H, s, 2-CH3), 1.41 (3H, s, 4-CH3), 1.36 (3H, s, 
2-CH3), 1.21 (3H, d, J = 6.6 Hz, 2′-CH3), 1.20 (3H, d, J = 6.6 Hz, 2′-CH3), 0.78 (6H, t, J 
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= 7.2 Hz, 1′′-CH3). 13C-NMR (100 MHz, CDCl3): δ 212.2 (C-3), 211.0 (C-1′), 197.7 
(C-1), 167.8 (C-4a), 162.1 (C-8), 158.6 (C-6), 156.4 (C-10a), 111.8 (C-9a), 107.9 (C-7), 
104.9 (C-8a), 94.9 (C-5), 56.1 (C-2), 47.3 (C-4), 39.8 (C-2′), 34.5 (C-1′′), 31.9 (C-9), 
25.1 (4-CH3, 2-CH3), 24.6 (4-CH3), 23.9 (2-CH3), 19.2 (2′-CH3), 19.1 (2′-CH3), 18.8 
(1′′-CH3 x2). 
 
1.3.4. 2,2,4,4-tetramethyl-7-(1-methyl-1-oxobutyl)-9-(1-methylethyl)-4,9-dihydro-1H- 
     xanthene-1,3(2H)-dione (14) 
A light yellow amorphous powder. λmax = 297 nm, HR-MS; m/z = 429.2270 
[M+H]+ (calcd. for C25H33O6, 429.2268). 1H-NMR (400 MHz, CDCl3): δ 6.10 (1H, s, 
H-5), 4.28 (1H, d, J = 3.4 Hz, H-9), 3.75 (1H, m, J = 6.6 Hz, H-2′), 1.98 (1H, m, J = 3.4 
Hz, H-1′′), 1.85 (2H, m, 7.3 Hz, H-3′), 1.58 (3H, s, 4-CH3), 1.42 (3H, s, 2-CH3), 1.41 
(3H, s, 4-CH3), 1.36 (3H, s, 2-CH3), 1.18 (3H, d, J = 6.6 Hz, 2′-CH3), 0.92 (3H, t, J = 
7.3 Hz, H-4′), 0.78 (6H, d, J = 7.0 Hz, 1′′-CH3). 13C-NMR (100 MHz, CDCl3): 
δ 212.2 (C-3), 210.9 (C-1′), 196.7 (C-1), 167.8 (C-4a), 162.2 (C-8), 158.5 (C-6), 156.4 
(C-10a), 111.8 (C-9a), 107.4 (C-7), 105.0 (C-8a), 95.0 (C-5), 56.1 (C-2), 47.3 (C-4), 
46.4 (C-2′), 34.5 (C-1′′), 32.0 (C-9), 26.8 (C-3′), 25.1 (4-CH3), 24.6 (4-CH3, 2-CH3), 
23.9 (2-CH3), 19.3 (1′′-CH3), 18.8 (1′′-CH3), 16.4 (2′-CH3), 11.9 (C-4′). 
 
1.4. Antimicrobial activities 
The antimicrobial activities were assayed by the same method described in Chapter 
1. The test solutions of the hexane extract, hexane layer, 90% acetonitrile layer, and 
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compound 11-14 were prepared at 1.0 mg/ml with DMSO. 
 
2. Results and discussion 
 
Extractions of the peel and seed of camu-camu afforded the hexane extracts in 
yield of 7.3% and 2.5%, respectively. The hexane extracts exhibited strong 
antimicrobial activities against B. subtilis, B. cereus, M. luteus, S. aureus, S. 
epidermidis and S. mutans (MIC = 6.25-25.0 µg/ml), but no activities (MIC > 100 
µg/ml) were observed against E. coli, P. aeruginosa, S. typhimurium, S. cerevisiae and 
C. albicans. (Table 8) 
Isolation of active constituent(s) in the hexane extract directly by preparative TLC 
or preparative HPLC was not successful owing to the presence of large amounts of 
neutral lipids. However, counter-current partition between n-hexane and 90% 
acetonitrile was shown to be effective to the removal of neutral lipids, and the active 
fraction were isolated successfully (90% acetonitrile layer). The chromatograms of the 
hexane extract, hexane layer, 90% acetonitrile layer of the peel and 90% acetonitrile 
layer of the seed are shown in Fig. 13. In the chromatogram of 90% acetonitrile layer, 
the peaks with tR = 20-30 min were separated from those tR = 35-40 in the hexane layer. 
The antimicrobial activities of the hexane layer were shown to be stronger than those of 
the 90% acetonitrile layer (Table 8), but isolation of active compound(s) from the 
hexane layer was not successful. Thus, the author intended to isolate antimicrobial 
compound(s) from the 90% acetonitrile layer, and the purification using preparative 
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HPLC and preparative TLC (Fig. 14) resulted in the isolation of 11 and 12. 
Compound 11 was obtained as a light yellow amorphous powder, and its HR-MS 
indicated a molecular formula of C26H34O6. In the 1H and 13C NMR spectra of 11 are 
show in Fig. 15 a and b, respectively. In the 13C NMR spectrum, three carbonyl carbons, 
eight methyl carbons, two quaternary carbons and six olefinic or aromatic carbons were 
observed. The correlation spectroscopy (COSY) spectrum indicated the presence of two 
2-methypropyl groups (Fig. 16), and the hetero-nuclear single quantum coherence 
(HSQC) and hetero-nuclear multiple-bond connectivity (HMBC) spectra (Fig. 17 and 
18) indicated one 2-methypropyl group was attached to a methine carbon and another to 
a carbonyl group. From these data, 11 was suggested to be rhodomyrtone, an 
acylphloroglucinol originally isolated from Rhodomyrtus tomentosa.44) However, there 
was a report of a positional isomer of the 3-methyl-1-oxobutyl group of rhodomyrtone, 
rhodomyrtosone B, isolated from Rhodomyrtus tomentosa.45) As the position of 
3-methyl-1-oxobutyl group of rhodomyrtone was confirmed at C-7 by X-ray 
crystallography,44) the position of the 3-methyl-1-oxobutyl group in rhodomyrtosone B 
was determined to be at the C-5 position. The comparison of 1H- and 13C-NMR data of 
11 with those in the literature indicated that 11 was rhodomyrtone (Table 7). The 
chemical shifts of C-5 (δ 94.8) and C-7 (δ 107.5) of 11 were shown to be comparable to 
those of rhodomyrtone (δ 94.74 and δ 107.05), rather than rhodomyrtosone B (δ 105.9 
and δ 100.3). The comparisons of 1H-NMR data also supported this assumption; the 
chemical shift of methyl protons at C-4 (δ 1.55) of 11 was closer to that of 
rhodomyrtone (δ 1.56) rather than that of rhodomyrtosone B (δ 1.63). Morkunas et al. 
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reported a large difference in the chemical shift of the methylene protons at C-2' 
between rhodomyrtone and rhodomyrtosone B,46) and the author’s data (δ 2.95 and δ 
3.01) also suggested that 11 was rhodomyrtone. In addition to these data, the cross 
peaks were recognized between H-5 (δ 6.08) and C-6 (δ 158.3), and H-5 and C-10a (δ 
155.6) in the HMBC spectrum. Moreover, in the NOESY spectrum of 11 (Fig. 19), a 
cross peak was observed between methyl protons at C-4 (δ 1.43) position and aromatic 
proton on C-5 position (δ 6.08). Therefore, 11 was identified as rhodomyrtone. (Fig. 20) 
Compound 12 was obtained as a light yellow amorphous powder, and its HR-MS 
indicated molecular formula of C25H32O6. The molecular weight of 12 was 14 mass 
units lower than that of 11. In the 13C-NMR spectrum of 12, three carbonyl carbons, 
eight methyl carbons, two quaternary carbons and six olefinic or aromatic carbons, 
along with a methylene and two methine carbons. The COSY spectrum indicated the 
presence of one 2-methylpropyl group and one 2-metylethyl group instead of two 
2-methylpropyl groups in 11. The HSQC and HMBC indicated a 2-methylpropyl group 
was attached to a methine carbon and another 1-methylethyl group to a carbonyl carbon. 
These data suggested that 12 was an analogue of rhodomyrtone (11), and the 
3-methyl-1-oxobutyl group at C-7 of 11 was replaced by 2-methyl-1-oxopropyl group. 
The position of the 2-methyl-1-oxopropyl group was confirmed at C-7, because a cross 
peak was observed between methyl protons at C-4 position and aromatic proton on C-5 
position in the NOESY spectrum of 12. Thus, structure of 12 was identified as 
6,8-dihydroxy-2,2,4,4-tetramethyl-7-(2-methyl-1-oxopropyl)-9-(2-methylpropyl)-4,9-di
hydro-1H-xanthene-1,3(2H)-dione. As the [α]D value of 12 was positive as is the case 
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of 11, the orientation of 2-methylpropyl group at C-9 was assumed to be the same as 
that of rhyodomyrtone (11). Compound 12 is new compound and named myrciarone A. 
Compound 13 was obtained as a light yellow amorphous powder and its HR-MS 
indicated molecular formula of C24H30O6. The molecular weight of 13 was 14 mass 
units lower than that of 12. The 1H- and 13C-NMR spectra of 13 were similar to those of 
12, but the 1H-NMR spectrum of 13 indicated that the presence of 1-methylethyl group 
instead of 2-methylpropyl group in 12. The presence of 2-methyl-1-oxopropyl group 
and 1-methylethyl group were confirmed by 2D-NMR experiments. In the NOESY 
spectrum of 13, a cross peak between methyl groups on C4 position (C13 or C14) and 
aromatic proton was observed, thus the position of 2-methyl-1-oxopropyl group was 
assigned to C-7. According to these data, 13 was characterized as isomyrtucommulone 
B, and the structure was confirmed by comparing the spectral data with those of 
literature.47) Appendino et al. reported that isomyrtucommulone B, an isomer of 
myrtucommulone B, was a thermal degradation product of myrtucommulone,47) a 
trimeric acylphloroglucinol, and they concluded that isomyrtucommulone B was an 
artifact derived from during extraction and/or isolation. As myrtucommulone was not 
identified in the extract of the seed of camu-camu, it must be for the first time that 
isomyrtucommulone B (13) is isolated from natural resources. 
Compound 14 was obtained as a light yellow amorphous powder and its HR-MS 
indicated molecular formula of C25H32O6. The molecular weight of 14 was the same as 
that of 12. The 1H- and 13C-NMR spectra of 14 were similar to those of 12, but the 
1H-NMR spectrum of 14 indicated that the presence of 2-methyl-1-oxobutyl group and 
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1-methylethyl group instead of 3-methyl-1-oxobutyl group and 2-methylpropyl group in 
12, respectively. The presence of 2-methyl-1-oxobutyl group and 1-methylethyl group 
were confirmed by 2D-NMR experiments. In the NOESY spectrum of 14, a cross peak 
was observed its between methyl groups on C-4 position and aromatic proton, thus the 
position of 2-methyl-1-oxobutyl group was assigned to C-7. The stereochemistry of 
2-methyl-1-oxobutyl group was not yet been solved because of shortness of the sample. 
However, 14 is new compound and is named myrciarone B. 
 
Rhodomyrtone (11) is an acylphloroglucinol, isolated previously only from leaves 
Rhodomyrtus tomentosa,44) but this is the first time to show the presence of this 
compound in other resources. Acylphloroglucinols are isolated mainly from plants of 
Hypericaceae48) and Myrtaceae44) plants, and show various biological activities 
including antimicrobial,49) anitvirus,50) anti-inflammatory51) and cytotoxic activities. 52) 
Among the many acylphloroglucinols reported, rhodomyrtone has attracted attention 
because of its antimicrobial activities against methicillin-resistant S. aureus and 
vancomycin-resistant Enterococcal strains.53, 54) 
The acylphloroglucinols (11-14) isolated the hexane extracts of the peel and seed 
against six Gram-positive bacteria, three Gram-negative bacteria and two fungi were 
tested, and the MIC values are shown in Table 8. These acylphloroglucinos and all 
fractions showed antimicrobial activities against Garm-positive bacterua, but no 
activities against Gram-negative bacteria and fungi. These data were consisted with the 
results of Linusuwan et al.49) who reported that rhodomyrtone (11) showed strong 
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antimicrobial activities against Gram-positive bacteria, such as Bacillus, Micrococcus, 
Staphylococcus and Streptococcus, whilst no activities were observed against 
Gram-negative bacteria and fungi. The MIC values against the Gram-positive bacteria 
listed in Table 8 were similar or lower than those of kanamycin used as a positive 
control, and were comparable to those reported by Limusuwan et al.49) Compounds 
12-14 also exhibited antimicrobial activities against Gram-positive bacteria. As 
kanamycin is active for both Gram-positive and Gram-negative bacteria, the 
antimicrobial mechanism of acylphloroglucinols such as rhodomyrtone must be 
different from that of kanamycin. 
Sianglum et al. reported that rhodomyrtone exhibited strong antimicrobial activity 
against methicillin resistant S. aureus (MRSA), and proteom analysis indicated that 
subinhibitory concentration of rhodomyrtone affected the cellular protein expression of 
MRSA whole cell such as cell wall biosynthesis, cell division, protein degradation, 
stress response and oxidative stress, cell surface antigen and virulence factor, and 
various metabolic pathways such as amino acid, carbohydrate, energy, lipid, and 
nucleotide metabolism.53) Rhodomyrtone also reported to show antimicrobial activity by 
reducing cell wall strength caused by inhibition of staphyloxanthin (yellow pigment) 
biosynthesis of S. aureus,55)and the inhibition of yellow pigment biosynthesis may lead 
to reduce the appearance of resistant strain of S. aureus. Many investigations must need 
to clarify the mechanism of antimicrobial activity of rhodomyrtone and related 
acylphloroglucinos, the peel and seed of camu-camu may be important resources of 
rhodomyrtone. 
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The hexane layer exhibited stronger antimicrobial activity than the 90% 
acetonitrile layer as shown in Table 8, and the chromatograms of hexane and 90% 
acetonitrile layers suggested the presence of other antimicrobial constituents in the peel 
of camu-camu. Further investigations must be needed to clarify the antimicrobial 
characteristics of the peel and seed of camu-camu. 
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Table 7. The 1H- and 13C-NMR spectral data for rhodomyrtone, rhodomyrtosone B and 
       compound 11 
 
In CDCl3 
*: Interchangeable 
 
No.
Rhodomyrtone44)  Rhodomyrtosone 45)  Compound 11
δC δH (mult., JHz) δC δH (mult., JHz) δC δH (mult., JHz)
1 198.56 197.6 197.5
2 56.05 56.1 56.1
3 212.16 211.7 212.1
4 47.23 47.2 47.1
4a 167.65 166.9 166.8
5 94.746.19 (s, 1H) 105.9 94.86.08 (1H, s)
6 158.70 159.0 158.3
7 107.63 100.36.23 (s, 1H) 107.5
8 162.84 159.0 162.5
8a 106.30 105.9 106.7
9 25.294.30 (t, 5.5, 1H) 25.14.25 (t, 6.0 Hz, 1H) 25.14.25 (t, 5.5, 1H)
9a 114.26 114.5 114.2
10a 155.63 153.3 155.6
1′ 206.75 204.0 206.3
2′ 53.182.97 (dd, 15.5, 6.8, 1H) 53.62.96 (dd, 17.0, 6.5, 1H)  53.22.95 (dd, 15.8, 6.6, 1H)
3.03 (dd, 15.5, 6.8, 1H) 3.18 (dd, 17.0, 6.5, 1H)  3.01 (dd, 15.8, 6.6, 1H)
3′ 25.152.28 (m, 1H) 24.52.37 (m, 6.5, 1H)  25.12.28 (m, 6.7, 1H)
1′′ 45.821.48 (m, 1H) 46.91.38 (obscure, 2H) 45.91.42-1.45 (obscure, 2H)
2′′ 25.10 24.91.38 (obscure, 1H) 25.11.42-1.46 (obscure, 1H)
2Me 24.211.39 (s, 3H)* 24.31.39 (s, 3H) 24.11.37 (s, 3H)
24.581.42 (s, 3H)* 24.41.42 (s, 3H) 24.51.40 (s, 3H)
4Me 24.581.44 (s, 3H)* 24.81.63 (s, 3H) 24.61.43 (s, 3H)
24.721.56 (s, 3H)* 25.41.47 (s, 3H) 24.71.55 (s, 3H)
3′Me 22.740.98 (d, 6.3, 6H) 22.61.01 (d, 6.5, 3H) 22.80.98 (d, 6.7, 6H)
22.81 22.91.04 (d, 6.5, 3H) 22.8
2′′Me 23.160.87 (d, 5.9, 3H) 23.10.87 (d, 6.5, 3H) 23.10.83 (d, 6.0, 3H)
25.100.84 (d, 5.9, 3H) 23.40.89 (d, 6.5, 3H) 23.50.87 (d, 6.0, 3H)
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Fig. 13. HPLC chromatograms of the hexane extract, hexane layer, 90% acetonitrile 
       layer 
  (a): hexane extract of peel, (b): hexane layer of peel, (c): 90% acetonitrile 
  layer of peel, and (d): 90% acetonitrile layer of seed 
  Detection: PDA detector (280 nm) 
  Gradient condition: see "materials and chemicals" section. 
(d)! 13!14!
Fr. A (12)!
Fr. B!
(c)!
(b)!
(a)!
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Fig. 14. TLC chromatogram of the fraction containing compound 11 
ethylacetate : benzene: acetic acid = 1 : 9 : 0.1 
TLC plate F254 (Merck) 
Compound 11!
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Fig. 15. The 1H- and 13C-NMR spectra of rhdomyrtone (11) 
    (a): 1H-NMR, (b): 13C-NMR 
(a)!
(b)!
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Fig. 16. COSY spectrum of rhodomyrtone (11) 
 
Fig. 17. HSQC spectrum of rhdomyrtone (11) 
65 
 
Fig. 18. HMBC spectrum of rhdomyrtone (11) 
 
Fig. 19. NOESY spectrum of rhdomyrtone (11) 
C-10a 
C-6 
H-5 
H-5!
C-4 Me!
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Fig. 20. Structures of compound 11-14 and rhodomyrtosone B 
OO
O
OH
OH O
OO
O
OH
OH
O
O
O
O OH
OH O
O
O
O OH
OH O
O
O
O OH
OH O
Rhodomyrtone 
 (11)
Myrciarone A 
(12)
Isomyrtucommulone B 
(13)
Myrciarone B 
(14)
Rhodomyrtosone B
67 
Chapter 5 
Other functional properties of camu-camu. 
 
For application of camu-camu as food additives and cosmetics, other functional 
properties such as enzyme inhibition of digestive enzymes and deodorant effects were 
investigated. 
 
1. Materials and methods 
 
1.1. Materials and chemicals 
Starch soluble (amylase-assay grade) was purchased from Nacalai tesque (Kyoto, 
Japan). α-Amylase (from porcine pancreas Type I-A and from human saliva Type 
IX-A) and lipase (from Porcine Pancreas), acarbose were purchased from 
Sigma-Aldrich Co. (St. Louis, USA). Lipase (from Porcine pancreas) was purchased 
from Elastin Products Co. (Owensville, MO, USA ). Orlistat, Tris ultra pure, Bile salts, 
NEFA C kit, n-valeric acid, isovaleric acid, caprylic acid, and liquid paraffin were 
purchased from Wako Pure Chemicals (Osaka, Japan). Other chemicals were purchased 
from Kanto Chemicals (Tokyo, Japan). 
 
1.2. Assessment of α-amylase inhibitory activity 
α-Amylase inhibitory activities was assayed by sarangowa, et al. method56) with 
slight modification. Two kinds of α-amylase, from porcine pancreas (15 unit) and 
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human saliva (250 unit), were used, and enzyme activity was measured as follows. The 
mixture of sample solutions (2 µl) at 0.5 mg/ml (in 50% DMSO) and α-amylase 
solution (2 µl) were incubated at 37°C for 5 min. After addition of 0.25 M phosphate 
buffer (pH 7.0, 100 µl) containing soluble starch (0.4 mg/ml,) the reaction mixture was 
incubated at 37°C for 10 min. Then, the enzyme reaction was stopped by cooling to 0°C, 
and 5 mM iodine solution (100 µl) was added to the reaction mixture. The amount of 
residual starch was determined by measuring absorption at 660 nm by microprate reader. 
The α-amylase inhibitory activities of each sample was expressed as follows: 
Inhibition acticvity (%) = 100ĵ[{Ablankĵ(AsampleĵAreference)} / (AblankĵAcontrol)] × 100 
The assays were carried out in triplicate. Acarbose was used as positive controls. 
 
1.3. Assessment of lipase inhibitory activity 
The mixture of sample solutions (3.8 µl) at 0.05-1 mg/ml (in 50% DMSO) 
and substrate solution (3.8 µl, triolein 80 mg, lecithin from egg Yolk 10 mg and bile salt 
5 mg in 0.1 M Tris buffer (pH 7.0) 9 ml) were incubated at 37°C for 5 min. After 
addition of lipase solution (100,000 Unit, 2.8 µl), the reaction mixture was incubated at 
37°C for 30 min. Then the enzyme reaction was added color former A (63 µl) and 
incubated at 37°C for 10 min. Mixture solution was added color former B (126 µl) and 
incubated at 37°C for 10 min. The absorbance was measured spectrophotometrically at 
550 nm using a microplate reader. 
The lipase inhibitory activities of each sample was expressed as follows: 
Inhibitory activity = {1ĵ(AĵB) / (CĵD)} × 100 
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 AĶsample, substrate and lipase 
 BĶsample and substrate 
 CĶsubstrate and lipase 
 DĶblank 
IC50 values expressed in µM were calculated from an inhibition curve. The assays 
were carried out in triplicate. EGCG and Orlistat were used as positive controls. 
 
1.4. Deodorant effects 
The deodorant effects were tested using the malodors contained in human sweat, 
n-valeric acid (unpleasant socks odor), isovaleric acid (unpleasant foot odor) and 
caprylic acid (putrid odor). Sensory pair test were performed on 11 volunteers (male 
and female). The solution of test compound (0.1% in 50% ethylene glycol) was mixed 
with equal volume of the solution of the 50% acetone extract of seed (1.0 mg/ml in 50% 
ethylene glycol), and the mixture was adsorbed by a mouillette (about 10 mm). The 
odor of the mouillette and that of test compound were compared by the volunteer to 
select the mouillette, which was more unpleasant. Data was analyzed statistically and 
significant difference wasp < 0.05. Persimmon tannin (PT) was used as positive 
controls. 
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2. Results and discussion 
 
The inhibitory effects of the 50% acetone extract and fractions of the seed are 
summarized in Fig. 21. The inhibitory effects against α-amylase from porcine pancreas 
Type I-A were exhibited in 100% MeOH, 50% and 100% acetone Fr., and the fractions 
containing condensed tannin exhibited strong activities. The inhibitory effect of the 
100% MeOH Fr. and 50% acetone Fr. against α-amylase from human saliva Type IX-A 
were weaker than those from porcine pancreas. However, in the 100% acetone Fr., the 
activity was 7 times stronger than that of acarbose, a positive control. These results 
indicated that condensed tannin in the seed of camu-camu has inhibitory effects against 
α-amylase, and condensed tannin in the 100% acetone Fr. was shown to be especially 
effective for not only α-amylase from porcine but human saliva. The great difference 
between the inhibitory effects in the 50% acetone Fr. and the 100% acetone Fr. 
indicated that condensed tannin contained in these fractions must be different in 
properties, structures, components or molecular weight. 
The IC50 values of inhibitory effect against pancreatic lipase of the 50% acetone 
extract and the 50% and 100% acetone Fr. of the seed, and vescalagin (2) and castalagin 
(3) are shown in Table 9. Orlistat was used as positive control, and orlistat showed 
strong activity (0.24 µg/ml). However, the activities of the 100% acetone Fr. (10.8 
µg/ml) was more active than EGCG (155.9 µg/ml), and vescalagin (217.9 µg/ml) and 
castalagin (385.7 µg/ml) showed moderate activities. The inhibitory effects against 
pancreatic lipase of these fraction and the isolate compounds were higher than that of 
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the 50% acetone extract (553.5 µg/ml), thus the 50% acetone extracts of seed may 
contains inhibitor(s) of lipase. These results implied that the 50% acetone extract of 
seed showed inhibitory effects on digestive enzymes, and camu-camu seed may be 
applied for functional foods. 
Deodorant effect of the 50% acetone extracts were detected only against n-valeric 
acid (Fig. 22), and the deodorant effect must be due to condensed tannin as is the case 
of PT, and the seed of camu-camu may be applied for cosmetics as a deodorant 
ingredient. 
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Fig. 21. Inhibitory effects of the fraction on α-amylase 
 
 
Table 9. Inhibitory effects of the fractions on pancreatic lipase 
Sample IC50 value (µg/ml) 
50% Acetone extract  553.5 ± 31.4 
50% Acetone Fr.  622.7 ± 44.5 
100% Acetone Fr. 107.8 ± 4.8 
Vescalagin 217.9 ± 5.9 
Castalagin 385.7 ± 6.9 
EGCG 155.9 ± 7.1 
Orlistat  0.24 ± 0.0 
n = 3, mean ± SEM 
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Fig. 22. Deodorant effects of the 50% acetone extract of the seed and PT against 
       malodor in sweat 
PT: Persimmon tannin 
n-Valeric acid 
Isovaleric acid 
Caprylic acid 
Masking 
50 % Acetone extract 
Unpleasant  
socks odor 
50 % Acetone extract 
 
PT 
50 % Acetone extract 
PT 
Cheese 
Unpleasant 
foot odor 
Putrid odor 
p < 0.05 
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Conclusion 
 
Camu-camu is a tropical fruit used for foods and cosmetics, because its juice is 
known to be rich in vitamin C high. However, large amounts of peel and seed of 
camu-camu are discarded in juice production process. In this study, antioxidant and 
antimicrobial constituents were purified and characterized from the peel and seed of 
camu-camu. 
As antioxidant constituents, six C-glycoside ellagetannins, grandinin (1), 
vescalagin (2), castalagin (3), methylvescalagin (4), stachyurin (5), and casuarinin (6) 
were isolated and characterized for the first time. These tannins exhibited strong 
antioxidant activities by 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis-(3- 
ethylbenzothiazoline-6-sulphonic acid) (ABTS) and oxygen radical absorbance capacity 
(ORAC) assays. Condensed tannin was also purified, and was composed of 
(-)-epigallocatechin 3-O-gallate (EGCG) and (-)-epicatechin 3-O-gallate (ECG) by 
thiolysis with 2-sulfanylethanol. The ratio of EGCG was shown to be higher than that of 
ECG. 
On the other hand, acylphlorogulcinols, rhodomyrtone (11), myrciarone A (12), 
isomyrtucommulone B (13) and myrciarone B (14) were isolated as antimicrobial 
constituents. These compounds exhibited antimicrobial activities against Gram-positive 
bacteria, and their activities were shown to be equal or stronger than those of kanamycin. 
It was the first time that compound 11-14 were isolated from camu-camu, and 
compound 12 and 14 were new acylpholoroglucinols. 
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The isolated compounds in this study were reported to exhibit various biological 
activities, thus the peel and seed of camu-camu must be potent resources in the fields of 
foods, cosmetics and medicine. 
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Summary 
 
The fruits of camu-camu (Myrciaria dubia) are harvested in the rain forest of the 
upper Amazon in Peru and Brazil. Camu-camu is famous for its high vitamin C content 
(more than 2000 mg/100 g) compared with those of other tropical fruits such as acerola 
and passion fruit. Therefore, the fruit has been attracted attention of researchers, and 
many studies were reported on the constituents. The juice has been produced in the 
harvest area, and residual substances, peel and seed, are discarded as industrial wastes. 
According to the increase of camu-camu juice production, the residual peel and seed 
were also increased. The amount of residual peel and seed is nearly 40% of weight of 
fresh fruit. The utilization of the residues must be beneficial for the total industry of 
camu-camu, including juice production and cultivation. Therefore, the author has been 
studying the functional constituents in the peel and seed of camu-camu, and further 
investigation resulted in the isolation of C-glycosidic ellagitannins along with 
condensed tannin with antioxidant constituents, and acylphloroglucinols as 
antimicrobial constituents. 
 
1. The functions of the extracts of camu-camu peel and seed. 
As the preliminary studies, the hexane extracts and 50% acetone extracts were 
prepared from the peel and seed of camu-camu. The hexane extracts showed 
antimicrobial activities against Gram-positive bacteria. On the other hand, the 50% 
acetone extracts were demonstrated to contain large amount of polyphenols. The 
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contents of polyphenols in the extracts of the peel and seed were 150.0 mg/g and 404.5 
mg/g, respectively, and the content in the seed are more than four times higher than that 
of acerola juice residue (94.6 mg/g). Moreover, vanillin-HCl assay indicated that the 
content of condensed tannin was about 20% of total polyphenol content. The 50% 
acetone extracts and their fractions obtained by Sephadex LH-20 chromatography 
exhibited antioxidant activities by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging assay. The activites were shown to be related to the polyphenol contents of 
the extracts and fractions. 
 
2. Antioxidant activities of C-glycosidic ellagitannins in the peel and seed of 
camu-camu. 
Six C-glycosidic ellagitannins, grandinin (1), vescalagin (2), castalagin (3), 
methylvescalagin (4), stachyurin (5), and casuarinin (6) were isolated from the 50% 
acetone extracts of the peel and seed by repeated chromatographic purifications such as 
preparative high performance liquid chromatography (HPLC). Among these tannins, 
compound 3 and 2 were main constituents and were consisted 10% and 5% of total 
polyphenol content in the 50% acetone extracts of the peel and seed, and HPLC analysis 
indicated that the peel and seed of camu-camu contains same C-glucosidic ellagitannins. 
Camu-camu is the first case in which these tannins were isolation from the peel and 
seed of a plant belonging to Myrtaceae. 
These C-glycosidic ellagitannins exhibited strong antioxidant activities by DPPH 
and 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) assays (single 
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electron transfer assays). Compound 5 and 6 are diasteromeric isomers of C-1 position 
of D-glucose with the same substituents, two hexahydroxydiphenoyl (HHDP) groups 
and a galloyl group. The activities of 5 in single electron transfer assays were stronger 
than 6, and the activities of 2 and 3 were weaker than 5 and 6, respectively, but the 
relation between the activities of 2 and 3 was the same in the case of 5 and 6. These 
tannins (2 and 3) are also diasteromeric isomers of C-1 position of D-glucose with the 
same substituents, a nonahydroxyterphenoyl (NHTP) group, a HHDP group and a 
galloyl group. These results indicated that the antioxidant activities the C-glycosidic 
ellagitannins are affected by the flexibility around C3, C4 and C5 positions of D-glucose 
and the conformation of the hydroxyl group at C-1 position of D-glucose. These tannins 
also showed antioxidant activities by oxygen radical absorbance capacity (ORAC) assay, 
a hydrogen atom transfer assay, but the order of strength of the activities was not the 
same as those of single electron transfer assays, thus the activities by ORAC method 
were assumed to be affected other structural factors of the tannins than single electron 
transfer assays. 
 
3. Condensed tannins in the peel and seed of camu-camu. 
Condensed tannin in the 50% acetone extracts of the peel and seed was purified by 
SephadexLH-20 chromatography. The condensed tannin was degraded with 
2-sulfanylethanol in 0.2 M HCl, and the products were isolated by MCI gel CHP-20P 
chromatography and preparative HPLC. The structures of these degraded compounds 
were characterized as (-)-epigallocatechin 3-O-gallate (7, EGCG), (-)-4β-(2-hydroxy- 
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ethylsulfanyl)-EGCG (8) and (-)-4β-(2-hydroxyethylsulfanyl)-epicatechin 3-O-gallate 
(9). According to these results, the condensed tannin in the peel and seed of camu-camu 
was supposed to be composed of EGCG and (-)-epicatechin 3-O-gallate (ECG), and the 
C4 positions of EGCG and ECG were involve in one side of C-C bond, but another 
position of C-C bond have not yet been determined, because dimeric degradation 
product (10) was not characterized. In the chromatogram of the degradation products 
indicated that EGCG was main component of the condensed tannin. The end unit of 
condensed tannin chain was supposed to be EGCG, as ECG was not detected as 
degradation product. 
 
4. Acylphloroglucinols as antimicrobial constituents in the peel and seed of 
camu-camu. 
As antimicrobial constituents in the hexane extracts, two compounds (11 and 12) 
were isolated from the peel of camu-camu and other two (13 and 14) from the seed. 
Counter-current partition was effective for the isolation of these compounds, because 
presence of large amounts of neutral lipid interfered with the isolation by preparative 
HPLC and thin layer chromatography (TLC). Structure of these compound were 
characterized as acylphloroglucinols by 1H- 13C- and 2D-nuclear magnetic resonance 
(NMR).  
Compound 11 was characterized as rhodomyrtone (6,8-dihydroxy-2,2,4,4- 
tetramethyl-7-(2-methyl-1-oxobutyl)-9-(2-methylpropyl)-4,9-dihydro-1H-xanthene-1,3 
(2H)-dione) isolated from Rhodomyrtus tomentosa, Compound 12 was characterized as 
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6,8-dihydroxy-2,2,4,4-tetramethyl-7-(2-methyl-1-oxopropyl)-9-(2-methylpropyl)-4,9- 
dihydro-1H-xanthene-1,3(2H)-dione. Compound 13 was characterized as 
isomyrtucommulone B, and it was reported as the degradation product of 
myrtucommulone A. However, it is the first time that isomyrtucommulone B was 
isolated from natural resource. Compound 14 was characterized as 2,2,4,4-tetramethyl- 
7-(1-methyl-1-oxobutyl)-9-(1-methylethyl)-4,9-dihydro-1H-xanthene-1,3(2H)-dione. 
Compound 12 and 14 are new acylphloroglucinols, and were named as myrciarone A, 
myrciarone B, respectively. These acylphloroglucinols exhibited antimicrobial activities 
against mainly to Gram-positive bacteria and the MIC values (0.78-6.25 µg/ml) were 
equal or lower than those of kanamycin (1.56-6.25 µg/ml). 
 
5. Other functional properties of camu-camu. 
The fractions containing the condensed tannin exhibited inhibitory effects against 
α-amylase, and 100% acetone Fr. was especially more than 7 times stronger effect 
compared with that of acarbose, positive control, As the difference in the inhibitory 
effects was observed among the fractions, precise investigation must be needed to 
clarify the effects of the condensed tannin against α-amylase activity.  
The 100% acetone Fr. also inhibited on pancreatic lipase, and the inhibitory effect 
was more potent compared with that of positive control, EGCG. Moreover, 
C-glycosidic ellagitannins, 2 and 3, showed inhibitory effects against pancreatic lipase. 
Effects of the constituents in the 50% acetone extract on digestive enzymes may lead to 
development of functional foods using residual parts of camu-camu juice production. 
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Deodorant effects of the 50% acetone extracts were also investigated using 
n-valeric acid, isovaleric acid and caprylic acid, as specific constituents in sweat. 
Significant deodorant effect against n-valeric acid was demonstrated. As condensed 
tannin, such as persimmon tannin is known to have deodorant effect. The condensed 
tannin in the peel and seed of camu-camu may have deodorant effects and may be 
applied for cosmetic goods. 
 
In conclusion, six C-glycosidic ellagitannins were isolated as responsible 
constituents of antioxidant activities, along with condensed tannin from the 50% 
acetone extract of the peel and seed of camu-camu. Four acylphloroglucinols were 
isolated as antimicrobial constituents in the hexane extracts of the peel and seed of 
camu-camu, and two acylphloroglucinols were new compounds. Beside antioxidant and 
microbial activities, the 50% acetone extracts were revealed to have many functional 
effects such as inhibitory effect against α-amylase and lipase, the peel and seed of 
camu-camu are expected for utilization as functional foods, cosmetics and medicines. 
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Summary (in Japanese) 
 
 JSVyà0 camu-camu (Myrciaria dubia) #HBPPð"ÿd½"Æ
Ý/Ã!ĥ"G@MU C 3»0ì.10"G@
MU C 3qáÉ İ³,ı÷·¿#ę10W¶ß
ÃÏ3²0Ī!ĥ"Ãç,ñÎÖ¢Å10¿íò
#Ãç,ñ"»tqá3è¯ËĆªûÀ"}Ćª3Çē
01'"íòÃçñ!#`"ÜÃÏÎÖ-/+Ę!KR
H8DVS'1£­ĢuÑª3ï¸. 0'
nãÝ"ćØªãn Staphylococcus aureus !­ċÑª3ïî
ė101."Ñª¬n"Þ!#Ċ  
 ¿íò#­ĢuÑª
-%­ċÑª"ËĆªĕĲ3¯ÊÑª¬n
3nīøĎÈĝ3ĒÂ0­ĢuÑª¬n3ïÑª¬
n#KRH8DVS/" C-Ġùe9Q?@UCU 6 ¬n3
'»10ā@UCU#\!(-)-epigallocatechin 3-O-gallate 
(EGCG)(-)-epicatechin 3-O-gallate (ECG) !-/È¬103¸.!
W¶­ċÑª¬n5>SHTT<S>DVS 4 ¬n"wī!¬s
1."Èĝ3¸.! 
 
õWó  camu-camuÃçñ"­Ģu
-%­ċÑª  
 camu-camu Ãçñ311 n-hexane®mhexane®mÝ3§
ÎÖ3.! 50% acetone®m050% acetone®mÝ3§50% 
94 
acetone®mÝ!#Ãç 151.0 mg/gñ 404.6 mg/g"KRH8DVS
»1ñ#ā@UCUú 20%3x*50% acetone ®mÝ3
Sephadex LH-20!ë50-100% MeOH 50, 100% acetoneØm~
ãn"KRH8DVSĥ3×280% MeOH Fr.!º+KRH8D
VS'1ā@UCU#ćØªãn!n'~ãn"
1,1-diphenyl-2-picrylhydrazyl (DPPH) Q?:SÓzÑª3×2KR
H8DVSĥéħħh!.­ĢuÑª3ï\ď ¬n
KRH8DVS0¸. W¶hexane ®mÝ"üċ
-
%êċ!0ºåąĨÍÙ¡ (MIC) 3×2<QNĩªċ!
"(­ċÑªîė1 
 
õ]ó  Ãçñ["­ĢuÑª¬n0 C-Ġùe9Q?@UCU  
 ñ" 60-90% MeOH Fr.3[:QN;TLB<QH6V,ĳĜÔe;TL
B<QH6V  (HPLC) nã0 C-Ġùe9Q?@UCU0
grandinin (1), vescalagin (2), castalagin (3), methylvescalagin (4), stachyurin (5), 
casuarinin (6) 3wīKRH8DVS'10 80% MeOH Fr."
\ď¬n# castalagin (50% acetone Fr." 10%) /Ì vescalagin (50% 
acetone Fr." 5%) 6 ¬n"­ĢuÑª3 DPPH, 2,2'-azino-bis-(3- 
ethylbenzothiazoline-6-sulphonic acid) (ABTS) Q?:SÓzÑªoxygen radical 
absorbance capacity (ORAC) !-/Ĕg2l"ĕĲ!
­Ģu
Ñªîė1DPPHQ?:SÓzÑª# stachyurinº+£ÓzĆ3
ïäªe0 casuarinin Ì vescalagin "äªe"
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castalagin !+É"jîė1ABTS Q?:SÓzÑª#É j
Đ.1+""»«#îė W¶ ORAC#stachyurin
-/+ casuarinin vescalgin -/+ castalagin £DPPH Q?:SÓzÑ
ª#ě"jîė1fáË "ä 0ĕĲ!-0ĮĀe"Ñª
"Ğ#Ñªğc"Ğ!-0+"+1 _¥¹ 0Çē¨ď
ă	.10'Ãçñ 50% acetone extract" HPLC;TLB<QN-
/KRH8DVS"ý¬#Įb0ï1 
 
õXó  Ãçñ["ā@UCU  
 ā@UCU#ģ0."''Èĝ3°0#
Ĭ0¦C-Cþ3o´nĒÝ"Èĝ3¸.!0k"
Èĝ3°ñ" 50% acetone Fr.3 Sephadex LH-20!ë10, 50, 
100%" EtOH, MeOH, acetone"ĭØm010% EtOH Fr.!ā@UC
UøĎ1"ãn3 0.2 M HCl 5% 2-sulfanylethanolnĒMCI gel 
CHP-20Pnãn| HPLC 3¬n3wī1."ÈĝĒÂ!-/
wī¬n3 EGCGEGCG  ECG " 4 c! 2-sulfanylethanol Ă±u
Ý¦ā@UCU#\! EGCG ECGÈ¬1¾
ô! EGCG 3»0ï1'C-C þ!# C-4 cħZ0
¸. +W¶þ0"#¸. 
 nĒÝ0]ĥe"wī!¬s*ÈĝĒÂ!-
/ñ!'10ā@UCU"Èĝ3Þ0mÁ0+1 
 
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õó  Ãçñ["­ċÑª¬n05>SHTT<S>DVS  
 Ãçñ hexane®mÝ3 n-hexane!ØĒ90% acetonitrileÒnĠ
hexane 90% acetonitrile3§90% acetonitrile3n| HPLCn|
0Ãç. 2 ¬nñ. 2 ¬nwī~¬n#<QNĩªċ
!­ċÑª3ï"Ćr# kanamycinö1aY
1.3ÈĝĒÂ0!-/4¬n#5>SHTT<S>DVS/Ã
ç.wī¬n"$3 rhodomyrtoneñ.wī¬n"$3
isomyrtucommulone B 
isomyrtucommulone B#Ú.p"w
ī0'` " 2¬n#µđuÝ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